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Our MD-300/SP Memory Board Test Sys- 
tem is anew addition to our well-known MD-300 
family. It dynamically tests memory boards and 
complete memory systems better than any sys- 
tem on the market. It’s also suitable for testing 
complex memory systems and memory boards. 

The MD-300/SP is a complete, stand-alone 
computer-controlled system, using the DEC 
LSI-11 computer. It’s especially suited for the 
production test environment, offering a simple 
solution to complex hardware interfaces. Not to 
mention a powerful Interactive Program Gener- 
ator which cuts applications programming time 
to hours instead of the usual days. 


As if this weren’t enough, the MD-300/SP 
can pay for itself. Because your savings from 
testing boards instead of systems are signifi- 
cantly larger. In fact, we'll give you a free, no- 
obligation return on investment presentation to 
prove it. You be the judge. And the free demon- 
stration is yours for a phone call. 

After you see what the return on your in- 
vestment can be, you’ll think $75,000 is one 
sweet steal. 
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A STEAL. 


Eaton Corporation, Memory Test Systems Division, 21135 Erwin Street, Woodland Hills, CA 91365, (213) 887-5550 
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Using Wavetek’s Model 175 < you know what a breakthrough 
Arbitrary Waveform Generator is cngeomeicpamcn i Ma L ARB represents. Now, instead 
like drawing on your oscilloscope. | 7 of choosing just sine, square 
You have a 296 x 259 point grid to | or triangle outputs, you 
work with. Time is along one axis, | 3 can be completely arbitrary. 
amplitude isalongthe other. Simply change the wave shape lateron. Provided you've chosen Wavetek's 
program the waveform, point by Operational modes include Model 175 to be arbitrary with! 
point, either from the front panelor continuous, triggered, and even Wavetek San Diego, | 
via the GPIB bus. ARB stores the triggered burst—which will take 9045 Balboa Ave., PO. Box 651, 
shape you've programmed and will care of almost any application. San Diego, CA 92112. Tel: (714) 
duplicate it at any frequency and If you've ever tried to generate 279-2200; TWX 910-335-2007. 


amplitude you select. You can also sin x/x or any other non-standard 
edit point by point if you decide to function on ordinary equipment, ADVE j kK 


For literature, Circle no. 64 For demonstration, Circle no. 63 


The ARBgenerates _ 
any waveform you can draw. 


Pro-Log M980 Programmer: 
Best in the field. 


Built rugged to keep working. 

Weighing less than 22 pounds 
and compact enough to fit under 
an airplane seat, the Pro-Log 
M980 is still the most rugged 
PROM programmer for trouble- 
shooting in the field. 

Pro-Log programmers have been 
used on the Alaskan pipeline, in 
steel mills and in other hostile 
environments. One even survived 
a tornado that destroyed the 
building around it! 

Look inside the M980 and you'll 
see there’s little to go wrong. We 
designed it for reliability with a 
limited number of functional high- 
density parts and interconnects. A 
recent service study indicated that 
you can expect 10 years of failure- 

_ free performance from the M980. 


Backed by the industry's 
longest warranties. 

Based on the proven quality of 
9,000 Pro-Log programmers and 
20,000 personality modules per- 
forming reliably worldwide since 
1973, Pro-Log gives you a two-year 
warranty on M980 control units 
and a 
one-year 
warranty 
on all 
personality 
modules. 
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Remote control for 
troubleshooting and updating. 


For easy diagnosis and pattern 
updating in the field, connect the 
M980 to a computer, terminal or 
modem via the RS232C or parallel 
interface. 


Find out more. 

For full details, send for our 32- 
page M980 brochure. Or better 
yet, ask for a free demonstration. 

Write or call Pro-Log Corporation, 
2411 Garden Road, Monterey, CA 
93940, phone (408) 372-4593. 
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Frequency counters span a wide 
spectrum of parameter choices (pg 33). 


Intelligent terminals develop along two 
paths to provide for varying needs (pg 
45). 


~ Sih 


On the cover: Hardware and software 
innovations in hand-held computers 
provide problem-solving power ina host 
of unusual applications. Turn to pg 70. 
(Photo by Alexander Kruper, courtesy 
Panasonic Inc) 


EDN (ISSN 0012-7515) is published biweekly (except monthly in July an 
Avenue, Boston, MA02116. Norman L Cahners, Chairman; Saul Goldweitz, 
61764 and Oakland, CA 94623. Postmaster: Send Form 
02116. Phone (617) 536-7780. Subscription offices: 270 St Paul St, Denver, CO 80206. Phone (303) 388-4511. E 
to others in the continental US: $2/copy (special issues may vary), $30/year; international subscriptions: $5/copy ($3/copy in Canada) 
($40/year in Canada), with air mail delivery available for $150. Send requests for qualification forms and/or change of address to subscription office. 


© 1981 by Cahners Publishing Company, Division of Reed Holdings, Inc. All rights reserved. 


EDN SEPTEMBER 16, 1981 


DESIGN FEATURES 

SPECIAL REPORT: Personal scientific calculators 
Alphanumeric displays and keyboards and _ high-level-language 
programming combine in the newest hand-held machines. 
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RS 232 and 
RS 449, bring 
them together 


with our 
subminiature Ds. 


Its easy. 


Save your systems from 
obsolescence. Bring them up to the 


standard with AMPLIMITE subminiature 
D adapters. 


They interface RS 232 with the new 
RS 449 cable-to-cable or directly to 
your equipment. One way or the other, 
you save the cost of major redesign. 


Our subminiature Ds also give you 
the widest choice. Metal shell and 


a 
eine 


all-plastic connectors. Filtere 


assemblies. Mass termination styles. 
Standard, high density and MIL-C-24308 
versions. And the most complete 
selection of accessories made. 


You bring a lot together with our 
AMPLIMITE connector system. 
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If there's one thing 
this world doesn’t need 


it's another rotten 
RAM. Another rejected WE RE ALREADY International Standard 


ROM. One more DOING OUR PARTS. _ of Quality. We do. 
paralyzed EPROM. From now on, insist Fact 1s, nobody's 


This is your chance _ that all your MOS mem- MOS RAMS and ROMS 
to do something aboutit. ories meet or exceed come witha guaranteed 


INT: STD -123, The AQL better than 0.1%. 
Not here. Not in Japan. 


HELP STAMP OUT 
BAD MEMORIES. 


Not anywhere. We put all our mem- advanced products in 
And that’s only one ories through the worst the business. 

of the reasons were case test patterns we Next time you buy 

among the industrys can come up with.We MOS memories, dont 

largest military and give every part MIL: take bad for an answer. 


commercial memory STD-883 for free.And Insist on INT-STD-123 
suppliers. Here area we've got the latest test from AMD. 
few others: equipment, the most 

complete line, the most 


Advanced Micro Devices c* 


901 Thompson Place, Sunnyvale, CA 94086 * (408) 732-2400 


We’ Te The Contender. < Hybrid systems. And we're faking on nthe data conversion “heavyweights” 
with our technical strength and the most advanced, state-of-the-art production fechniques — 


in ae and A/D conversion. 
| We know the other guys are tough. But they’ re vulnerable, too. 


For example, who else but Hybrid pes has a leak- oe commercial package 
“that is patented? Nobody. | 
~ Qurcompletely sealed package features e unique cambipaiin a materials that | 
prevent any mismatch in thermal coefficient due to temperature extremes. Surface 
cracks, loose pins, and many other weaknesses typical of ordinary packages are elimi- 
|. All components are arranged in an open cavity, away from messy epoxy, thereby 
king out mechanical strain, chemical degradation, and moisture problems. 


the result is data conversion products so reliable, they‘ve moved up to a class of : 
q rown. Inthis new class, the powerful winning combination of ee) is 
_ inthe hands of no one else but Hybrid Systems. The Contender. 


_ _ We mean it when we say we’re the Contender. We know we're going to have to 

_ ee even harder to get you into our corner. But once you see what we can do, you'll make © 

: a8 with Hybrid Sysiems a unanimous decision. : 
Call us today at (617) 667-8700, or write Hybrid eaone Corporation 

2 Linnel Circle, Suburban Industrial Pak Billerica, MA 01 821. : 


Bnd 


The Contender Weighs In With Five Knockout Products 


SS 


HS DAC 80 


— DAC 9356 HS9338 : DAC 9377 } : 
‘DAC 80compatible. Complete, microprocessor- Complete, buffered, voltage Lowcostgeneralpurpose 
with 16-£ Lowestcost,complete, compatible, memory- outputD/Aconverter —Ss 12-bitD/Aconverter ts 
ploan using monolihie low-power, 12-bit. + mapped,12-bit,double- — with 16-bitresolutionand packagedina24-pinDIR i st 
eve Putsevery- _D/Aconverter available. buffered D/A converter. linearity. Flattens the - Thisone-twocombination 
oneelsewith2”x4”  ~—~«*‘Theonefohavein —CAnail-aroundwinner. — competition's besf price. — ofpriceandperformance = = 
- modules down and out / your corner when building | hasthe “heavyweights” ss 
ontheropes. _ 


forte count. See Oe ene 
Le oo several DACs. | 
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Recetve-Only Printer 


High-quality 6-part 
forms printing 


132-character wide, 
adjustable carriage 


Device forms 
control (optional) 


Terminal status control panel 
indicating column, error codes, 
and configuration parameters 


The OMNI 800* Model 820 RO 
Printer has the same designed reliabil- 
ity as its associate, the 810 RO. With 
more standard features and options 
like expanded and compressed print- 
ing, the 820 RO offers greater flexibil- 
ity for additional applications. And, 
should application needs change, the 
820 RO is easily upgraded to a KSR 
model for a modest cost. The produc- 
tive 820 RO Printer has all the quality 
and performance you associate with 
the OMNI 800 Family. 


150 cps optimized 
bi-directional printing 


110 to 9600 baud 
transmission speeds 


TT is dedicated to producing qual- 
ity, innovative products like the Model 
820 RO Printer. TI’s hundreds of 
thousands of data terminals shipped 
worldwide are backed by the technol- 
ogy and reliability that come from 50 
years of experience, and are sup- 
ported by our worldwide organization 
of factory-trained sales and service 
representatives. 

For more information on the 820 
RO, contact the TI sales office nearest 
you, or write Texas Instruments 


9x7 dot matrix full 
ASCII printing 


21-character operator- 
programmable answerback 
memory 


wo 
oe 
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Operator control keypad 
for user configuration 


1280-character buffer 


Incorporated, P.O. Box 202145, Dallas, 
Texas 75220, or phone (713) 373-1050. 
In Canada, write Texas Instruments 
Incorporated, 41 Shelley O 
Rd., Richmond Hill, Ontario 7 
L4C 5G4, or phone (416) 
884-9181. 


We put computing 
within everyone's reach. 


*Trademark of Texas Instruments Copyright © 1981, Texas Instruments Incorporated. 
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News Breaks 


US SEMICONDUCTOR FIRM RECEIVES DOLBY LABS’S APPROVAL 


Interdesign Inc (Sunnyvale, CA) has won the hotly contested race to be the first US 
semiconductor company to obtain Dolby Laboratories’s approval for a single IC that meets the 
specs of the new Dolby C noise-reduction system. The company joins Hitachi ¢ as the only two IC 
suppliers currently approved by Dolby Labs. 


The Dolby C noise-reduction system is based on a new dualievel processing scheme with two 
sliding-band processors operating in tandem at different levels to solve the problems of achieving — 
20 dB of compression and expansion without introducing side effects. Interdesign will use one of © 
its Monochip bipolar linear component arrays to integrate the system. The device will be offered in 
a, 24-pin DIP to Dolby licensees only. Full volume production is scheduled for November. a M 


68000 FAST FLOATING-POINT SOFTWARE AVAILABLE ON 8-IN. DISK | 

Offering single-precision (32-bit) software floating-point operations optimized for the MC68000 tt 
uP, the 68343 Fast Floating Point program comes on an 8-in. floppy disk in VersaDOS format. o 
Simple to use and customize (the source code is included on the disk), it allows subroutine calls. 
While it’s not based on IEEE floating-point format, conversion routines are available tooutput 
that format. Other conversion routines go back and forth from fixed to floating point, vinci to | 
floating point and BCD to floating point. | 


In addition to the standard arithmetic sparanicnd the package performs Test, Compare, | 
Absolute Value and Negate plus most of the transcendental functions. Execution time for an Add — 
or Subtract is 22 psec; Multiply, 44 usec; Divide, 76 usec; and Sinh, 623 usec. These times are for | 
the 8-MHz 68000; using the 10-MHz part drops them by 20%. Order the 86343 as M68KFFP 
from Motorola’s Microsystems Group in Phoenix, AZ for less than $1000 with no limitation on 
use or redistribution (no royalties).—WT | 


OPERATING SYSTEM SUPPORTS PRINTERS, DISKS, 16 CONSOLES 


The MP/M II operating system from Digital Research (Pacific Grove, CA) operates in systems 
employing an 8080, 8085 or Z80 uP. It requires 48k bytes of RAM, a clock /timer interruptand | 
at least one disk. The multiuser/ multitasking software supports as many as 16 userconsoles, _ 
printers and disk drives with storage capacity of 512M bytes each for a total on-line storage 
capacity of 8G bytes. It can also manage 400k bytes of system RAM, with banks being selected — 
in blocks of 48k among eight users. Utilities include a relocatable macro assembler and a | 
linking loader. MP/M IIT is compatible with CP/M files and supports the company’s CP/ Net. 
networking operating system. Distributed on 8-in. single-density IBM-format diskettes, it 
costs $450.—CW 


DESKTOP BUSINESS COMPUTER JUGGLES WORDS, NUMBERS, GRAPHS 

Running under the CP/M operating system and offering a choice of five business 
application-software packages, the HP 125 single-user desktop computer system combines the — 
features of a personal computer, word processor, visual display terminal, financial calculator — 
and graphics workstation. From Hewlett Packard (Palo Alto, CA), Models 10 and 20 employ a 
CRT with a separate keyboard; a choice of a thermal, letter-quality or dot-matrix printers; a de: 
or 8-pen plotter; and either 5%- or 8-in. floppy- -disk drives for storing 500k or 8.4M bytes of | 
information, respectively. In addition to working as a stand- alone local processor, the HP 125 one 
can also function as a remote station to an HP 3000-based network or a mainframe via dual : 
RS-232C datacomm ports at speeds to 9600 baud. Prices start at $7460.—GK 
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News Breaks 


INTERFACE PUTS STREAMER ON THE S-100 BUS 


A nonintelligent interface from Scientific Enterprises Inc (Wilsonville, OR) gives your S-100 
system tape-cartridge-backup protection. The S-100 Architape interfaces any S-100 system to 
Archive Corp’s 20M-byte streaming-tape cartridge drive, transferring data at either 2M bytes/min 
(the A version working with the 30-ips drive) or 6M bytes/min (the B version working with the 
90-ips drive). Both versions provide read-while-write data verification and 16-bit CRC generation 
and checking. The A version costs approximately $500; the B version, $600 (less than 100 
units).— ET , 


COLOR-GRAPHICS TERMINAL TO COST LESS THAN $1600 

In the first quarter of next year, look for a color terminal costing approximately $1500. The 
Intelligent Systems Corp (Norcross, GA) termina] will support a 480 x 380 graphics matrix and 
several communication protocols and terminal emulations. The company says the terminal is 
being developed for high-volume OFMs.—cw | 


NONVOLATILE-MEMORY LINE EXPANDS UP AND DOWN IN SIZE 


General Instrument Microelectronics (Hicksville, NY) is putting a variety of processes to work 
on various HAROM (HEPROM) products. The ER58 16, a word-alterable, 2816-compatible, 
n-channel metal-gate MNOS part, has been sampling since March; the ER4201 (EDN, J anuary el, 
pg 40) is scheduled to start sampling this month. The 4201 is also fabricated in metal-gate 
n-channel MNOS, but the 128 x 8-bit unit also provides latches for both address and data and 
features a Reprogram command that combines an erase and write cycle. The word-alterable part 
also provides a Busy signal for uP compatibility; it accesses in 450 nsec. Production is scheduled 
for December, with pricing at $7 (1000). 


The company’s latest efforts deal with n-channel Si-gate MN OS. The first product announced 
using that technology is the ER5716—a 16k alternative to the 2716 EPROM. The &k x 8 bulk- 
erasable part accesses in 300 nsec and serves as a second source to the HN48016. 


Other things to look for: the AR5304, a 4k shadow RAM similar to parts made by Xicor, which 
will be available in the first quarter of 1982; and the ER1450, a 50x 14-bit EAROM aimed at the 
TV-tuner industry. A spinoff from the ER1400, the new part will cost considerably less.— WT 


SPEAKING OF VOICEI/O... 


Now you can digitize your own vocabulary and make your computer system say what you want 
it to. A voice-development system from Centigram Corp (Sunnyvale, CA) provides this capability in 
a stand-alone unit. Intended for use by nonprogrammers, the real-time system is easy to use: Just 
speak the words into the microphone and the system digitizes them for instant use, storing the 
vocabulary on 500k-byte diskettes. The first version of the $25,000 system will work with 
Multibus systems and run under CP/M with deliveries beginning in October. The firm will also 
announce versions to provide a similar capability for other computer systems.—ET 


ENHANCEMENTS EXTEND BUBBLE-MEMORY TESTER’S USEFULNESS 


With programmable drivers that feature wider current ranges, Model Q-1012 bubble-memory 
test system tests a larger variety of bubble devices than earlier systems. From Megatest Corp 
(Santa Clara, CA), it offers parallel test capability to increase throughput: It can test two Intel 
1M-bit devices or three %4M- or 1M-bit Motorola devices at one time, using four output sense 
channels. Stimulus signals are applied simultaneously to the devices under test, but output error 
maps and bad-loop masking information are maintained individually.—AS 
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The SAB 8086 is the latest addition to the wide 
spectrum of semiconductor products offered by 
Siemens. So, if you have been searching for a 
reliable source for this widely used 16 bit 
microprocessor, count on Siemens for 
performance and price. 


Obtain additional SAB 8086 information simply 

by contacting: Siemens Components Group, 

186 Wood Avenue South, Iselin, New Jersey 08830, 
(201) 494-1000, Extension 2222. 


For a free copy of our new, — 
SAB 8086 data sheet, just fill out and return» 
the coupon below. 
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TEK 8550 bivercevenr tse 


16 bits of information 


1. Self-contained and upward 
compatible. The 8550 Microcomputer 
Development Lab is the single-user 
member of the new 8500 Modular MDL 
Series, which also includes the 8560 
multi-user system and the 8540 Ad- 
vanced Integration Unit for the host com- 
puter environment. The 8550 is a com- 
plete microcomputer design tool, cover- 
ing both software development and inte- 
gration into the prototype. The 8550 can 
also be used as a station on Tek’s forth- 
coming 8560 multi-user system. 

2. Real-Time Emulation. Takes the 
concept of emulation to a new perform- 
ance level. Advanced circuitry eliminates 
the need for wait states during program 
execution and debugging. The emulator 
Processor now functions in real-time, 
with its operation totally transparent to 
the user. 


3. Multi-Vendor Chip Support. 
The 8550 MDL supports 26 chips in all. 
The broadest support available any- 
where, covering a wide range of vendors. 
With microcomputers as well as micro- 
Processors. The ultimate in design 
flexibility. 


Copyright © 1980, Tektronix, Inc. All rights reserved. 936 -2 


FLEXIBLE SOLUTIONS 
FOR A FUTURE OF CHANGE 


on the new 8550 MDL. 


4. 16-bit Support. You'll be able to 
choose from an entire new generation of 
16-bit processors. Tektronix has the high 
performance tools to make it possible. 
Assembler support is available now for 
the 16-bit chips listed below. The TMS 
9900 and SBP 9900 are fully supported 
with emulation today. Real-Time Emula- 
tion and Pascal support will be available 
in stages for the 68000, Z8000 and 8086. 

68000 TMS 9900 
Z8000 SBP 9900 
8086 

5. 16-bit Trigger Trace Analysis. 
Gives you highly sophisticated triggering 
ability for selective snapshots of full- 
speed code execution on the prototype 
bus. Up to four data acquisition triggers 
can be combined in a wide variety of 
ways. Bus cycle resolution to 8 MHz. 

6. 8-bit Support. Besides the most 
up-to-date microprocessor coverage, 
you can also take advantage of extensive 
8-bit microcomputer support. All 8-bit 
chip support includes real-time 
emulation. 


6800 8048 3870 
6802 8039 3872 
6808 8039-6 3874 
Z80A 8035 3876 
8080A 8021 F8 
8085A 8022 1802 
8049 8041A 6500/1 


7. 8-bit Real-Time Analysis. An 
optional Real-Time Prototype Analyzer 
lets you extract both bus and hardware 
logic at full operating speeds. You cap- 
ture 48-bit words for storage in a 128-word 
memory. Two triggers for precise data 
acquisition. 

8. Split-Bus Architecture. [he 
8550 uses one processor and bus for sys- 
tem operation, and another for real-time 
emulation. This architecture assures that 
the emulator processor is denied access 
to system memory, preventing the possi- 
bility of a system crash during prototype 
program execution. 


Circle 6 for Literature 


9. Tree-Like File Structure. Com- 
bines ease of use, rapid access and in- 
depth organization. Allows files to be ar- 
ranged in a predetermined hierarchy that 
best supports your current situation. A 
flexible tool that supports filing situations 
from very simple to extremely complex. 


10. Advanced CRT-Oriented 
Editor. Gives you the quickest path pos- 
sible to perform many editing operations. 
Lets you use screen-oriented editing as 
well as line-oriented editing. Up and 
down scrolling capabilities give you a 
total window on all of your code. 

11. Macro Assembly. The most 
powerful assembler software available 
today in a development system. Lets you 
employ user-defined constructs and li- 
brary resources. A conditional assembly 
feature allows sophisticated user manipu- 
lation of code at assembly time. 

12. Pascal Compiler. Available in 
true compiler form, producing executa- 
ble object code. Pascal's structured for- 
mat allows a modular approach to pro- 
gramming. With extensions designed 
specifically for microcomputer devel- 
opment, Tektronix Pascal is ideal for 
the “top-down” method of product 
development. 


13. MDL/ Compiler. Tektronix’ ad- 
vanced form of Basic, with many exten- 
sions for microcomputer development. 
Often the quickest route from concept to 
fully developed code. 

14. Transportable Emulators and 
Software. If you need to expand toa 
multi-user design environment, your 8550 
can be incorporated as a workstation in 
an 8560 multi-user system. Source code 
and emulator modules can be readily 
transferred to the Tektronix 8560 system. 
If you move to a host environment, your 
8550 emulator modules are totally com- 
patible with the new Tektronix 8540 Ad- 
vanced Integration Unit. 

15. Worldwide Service. For service 
support, 36 centers around the globe. 
You get fast on-site service no matter 
where you are — without waiting weeks 
for parts or repairs. 

16. Full Tektronix Support. Train- 
ing, documentation, applications en- 
gineering. Nobody does it like Tektronix. 
An entire series of classes on microcom- 
outer design, from high-level language to 
hardware/software integration. Applica- 
tions engineers are available worldwide 
to assist you. 


For a bit more information, contact your | 
local Tektronix Sales Office 


U.S.A., Asia, Australia, Central& Canada 

South America, Japan Tektronix Canada Inc. 
Tektronix, Inc. P.O. Box 6500 

PO. Box 4828 Barrie, Ontario L4M 4V3 
Portland, OR 97208 Phone: 705/737-2700 
Phone: 800/547-6711 

Oregon only 800/452-6773 

Telex: 910-467-8708 

Cable: TEKTRONIX 


Europe, Africa, 

Middle East 

Tektronix International, Inc. 
European Marketing Centre 
Postbox 827 

1180 AV Amstelveen 

The Netherlands 

Telex: 18312 


Tektronix 


COMMITTED TO EXCELLENCE 


Circle 7 for Sales Contact 
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israel 


technology 
week 


JERUSALEM 
NOVEMBER 9-12, 1981 


METAL 
INDUSTRY 


ELECTRONICS 


TECHNICAL 


MACHINERY 
AND 


EQUIPMENT 


Hundreds 
of Israeli 
manufacturers 
interested in 
representation 
and distribution, 
displaying the most 
advanced technology 
and new products 


in cooperation with 


2) 


BANK HAPOALIM BM 


= QD 


For further information 
contact your nearest Israeli Commercial 
Representative or the ISRATECH ‘81 
Organizing Committee, P.O.B. 29732, 
Tel Aviv 68125, Israel, Telex: 35613 IL 
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Does engineering benefit 
from competition? 


Dear Editor: 

EDN’s June 24 editorial has 
three disagreements with Mr 
Feerst’s objections to the public- 
ly funded advertising of the 
University of Massachusetts. 
They don’t survive scrutiny. 

One, the “low unemployment 
rate” argument, merely reflects 
an artificially depressed and 
unrewarding salary structure 
for engineering compared with 
other less contributory (and less 
expensive to enter) professions. 
Attempts to dilute the profes- 
sion with promises of cheap 
engineering by “starving gradu- 
ate students” both depress 
salaries further and increase the 
cost of entry into the profession. 
It’s difficult to find an advantage 
to the nation in such an 
approach. More encouragement 
is needed; not “starvation.” 

Your second disagreement 
might be only slightly less 
unsupportable. Interplay be- 
tween academia and industry is 
certainly desirable, but not the 
undercutting kind that is the 
obvious aim of U Mass. 

To use the limited resources of 
our poorly equipped grad 
schools as a “cure” for the 
“outrageously wasteful” prac- 
tice of industrial training and 
learning is really farcical. Virtu- 
ally every other segment of the 
industrial world uses training in 
the work area, where problems 
can be recognized and resolved 
with far better focus and speed 
than in the classroom or isolated 
laboratory. The experience of 
US industries today shows that 
more training is needed in the 
work area, not less. 

Your third objection seems 
irrelevant. Mr Feerst’s com- 
ments relate to engineering 
work normally performed by 


SIEMENS. 


Specify Siemens 


at these distributors. 


ALABAMA: Hall-Mark, Huntsville (205) 837-8700 
ARIZONA: Kierulff, Phoenix (602) 243-4101. G.S. Mar- 
shall, Tempe (602) 968-6181 


_ CALIFORNIA: Arrow, San Diego (714) 565-4800. Sun- 
_ nyvale (408) 745-6600; Bell, Sunnyvale (408) 734-8570: _ 


Capacitor Sales, Sunnyvale (408) 734-3020: Jaco, 


Chatsworth (213) 998-2200: San Jose (408) 263-1100: 


Kierulff, Los Angeles (213) 725-0325: Palo Alto (415) 
968-6292, San Diego (714) 278-2112: Tustin (714) 
731-5711. G.S. Marshall, Canoga Park (213) 999-5001: E 
Monte (213) 686-0141, Irvine (714) 556-6400: San Diego 
(714) 278-6350; Sunnyvale (408) 732-1100: Shelly, 
Chatsworth (213) 998-3333: Shelly-Neuman, San Diego 
(714) 453-7133: Zeus, Anaheim (714) 632-6880: Santa 


_ Clara (408) 727-0714 


COLORADO: Arrow, Denver (303) 758-2100: Kierulff, 
Denver (303) 371-6500; G.S. Marshall, Arvada (303) 
423-9670 © / 
CONNECTICUT: Arrow, Wallingford (203) 265-7741: __ 
G.S. Marshall, Wallingford (203) 265-7738 

FLORIDA: Arrow, Ft. Lauderdale (305) 776-7790: Palm 
Bay (305) 725-1480: Hall-Mark, Ft. Lauderdale (305) 
971-9280; Orlando (305) 855-4020: Hammond, Orlando 


__ (805) 849-6060: Kierulff, St Petersburg (813) 576-1966; 


G.S. Marshall, Orlando (305) 859-1620 
GEORGIA: Arrow, Norcross (404) 449-8252 


__ ILLINOIS: Advent, Rosemont (312) 298-4210: Arrow, 


Schaumberg (312) 893-9420: Hall-Mark, Bensenville 
(312) 860-3800: Kierulff, Elk Grove Village (312) 640- 
0200; G.S. Marshall, Bensenville (312) 595-6622 
INDIANA: Advent, Indianapolis (317) 297-4910 


_ IOWA: Advent, Cedar Rapids (319) 363-0221 


KANSAS: Hall-Mark, Shawnee Mission (913) 888-4747 


_MARYLAND: Arrow, Baltimore (301) 247-5200. Hall- _ 


Mark, Baltimore (301) 796-9300: G.S. Marshall, 
Gaithersburg (301) 840-9450 


_MASSACHUSETTS: Arrow, Woburn (617) 933-8130. 


Kierulff, Billerica (617) 667-8331: G.S. Marshall, Newton 
(617) 965-5115: Zeus, Burlington (617) 273-0750 
MICHIGAN: Arrow, Ann Arbor (313) 971-8220. Advent, 
Farmington Hills (813) 477-1650 


_ MINNESOTA: Arrow, Edina (612) 830-1800. Hall-Mark, 


Bloomington (612) 854-3187: G.S. Marshall, Plymouth 
(612) 559-2211 

MISSOURI: Arrow, St. Louis (314) 567-6888. Hall-Mark, 
Earth City (314) 291-5350: G.S. Marshall, Gladstone 
(913) 648-6414 


_ NEW HAMPSHIRE: Arrow, Manchester (603) 668-6968 


NEW JERSEY: Arrow, Moorestown (609) 235-1900; 
Saddle Brook (201) 797-5800: Hall-Mark, Cherry Hill 
(609) 424-0880: Kierulff, Fairfield (201) 575-6750 

NEW MEXICO: Arrow, Albuquerque (505) 243-4566 
NEW YORK: Arrow, Farmingdale (516) 694-6800: (516) 
293-6363, Hauppauge (516) 231-1000: Liverpool (315) 
652-1000; Rochester (716) 275-0300: Ronkonkoma (516) 
694-6800, ACI, Plainview (516) 293-6630: G.S. Marshall, 
Farmingdale (516) 293-4141: Zeus, Elmsford (914) 
592-4120; Melville (516) 752-9551 

NORTH CAROLINA: Arrow, Winston Salem (919) 
725-8711, Hall-Mark, Raleigh (919) 832-4465. Ham- 
mond, Greensboro (919) 275-6391 

OHIO: Arrow, Centerville (513) 435-5563: Colon (216) 
248-3990; Reading (513) 761-5432: Hall-Mark, Highland 
Heights (216) 473-2907; Worthington (614) 846-1882: 
G.S. Marshall, Dayton (513) 236-8088. Micro-Mil, 
Dayton (513) 434-8231 

OKLAHOMA: Hall-Mark, Tulsa (918) 835-8458 
OREGON: Kierulff, Portland (503) 641-9150 
PENNSYLVANIA: Advacom, Duquesne (412) 469-2601. 


McKean (814) 476-7774. Arrow, Pittsburgh (412) | 


856-7000; G.S. Marshall, King of Prussia (215) 337-3330 _ 
SOUTH CAROLINA: Hammond, Greenville (803) | 
233-4121 
TEXAS: Arrow, Dallas (214) 386-7500. Stafford (113) 
491-4100, G.S. Marshall, Dallas (214) 233-5200: Houston 
(713) 777-0358; Hall-Mark, Austin (512) 258-8848: Dallas 
(214) 343-5000; (214) 234-6111. Houston (713) 781-6100. _ 
Zeus, Dallas (214) 783-7010 : a 
UTAH: Kierulff, Salt Lake City (801) 973-6913 
WASHINGTON: Arrow, Tukwila (206) 643-4800: Kierulff, 
Tukwila (206) 575-4420; G.S. Marshall, Tukwila (206) 
575-3120 

WISCONSIN: Arrow, Oak Creek (414) 764-6600: Hall- 
Mark, Oak Creek (414) 761-3000: Kierulff, Waukesha 
(414) 784-8160 


For over a decade, Siemens has been noted for the 
most reliable zener diodes on the market—offering 
Hi-Rel and MIL-Spec components designed to _ 
support your equipment under the most difficult 
conditions. Siemens reputation for highest-quality 
zeners has been built through state-of-the-art 
semiconductor technology in manufacturing, 
testing and documentation procedures. 


Each and every Siemens device is 100% tested for 
zener voltage, impedance, knee impedance, 
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We made it bigger inside 
without making it bigger outside. 


The Carefree® CF6V5.5 delivers 22.2% more Nominal Capacity @ 68°F: 
ampere hours than a 6V4.5 .. . in 0% more space. 20 Hour Rate ( .28 ampere to 5.25 volts) 5.5 ampere hours 


Think about that the next time you specify batteries for © 10 Hour Rate ( .53 ampere to 5.10 volts) 5.3 ampere hours 
a new system. More capacity, but not more space. 5 Hour Rate ( .96 ampere to 4.95 volts) 4.8 ampere hours 
Through Expanded Grid technology, the CF6V5.5 has 1% Hour Rate (2.80 ampere to 5.25 volts) 4.2 ampere hours | 
more plate-surface area reacting with more electrolyte. 1 Hour Rate (3.50 ampere to 4.50 volts) 3.5 ampere hours - 
Without using more space. And, the Expanded Grid 
plates last longer because they re non-porous and less 6.00 inches 
prone to corrosion than cast plates. 4.34 inches 
In addition, the CF6V5.5 (also available in 12V5.5) Height : 3.70inches — 
is just one of over 40 Carefree® batteries. They're the Height (including terminals) 3.90 inches 
maintenance-free rechargeables that fit more space Volume (excluding terminals) 
and power requirements than any other batteries in the 
world ... from the 6V’2AH to the 6V50AH. 


Carefree’ | = 
[berate naeiict nent eet | __ii} CIRCLE NO 10 
Eagle-Picher Industries, Inc. Commercial Products Department PO. Box 130, Seneca, MO 64865 = (417) 776-2256 TWX 910-774-4533 


© 1981 Eagle-Picher Industries, Inc. Carefree® is the registered trademark of Eagle-Picher Industries, Inc. 


Physical Size (+ .05 inches): 
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industrial staffs (who recom- 
mend and authorize the pur- 
chase of products advertised by 
your publication) and consul- 
tants (some of whom are from 
academia)—the very work solic- 
ited by the U Mass brochure. 
That is not the kind of research, 
contributed by Bardeen, Shock- 
ley and others, that affects the 
eventual mainstream of the 
industrial world. Those and 
many other contributions also 
deserve great reward. Their 
sources should not have to rely 

“starving graduate students” 


aS a resource. 
On this matter, I think Mr 


Feerst is right. The public 
trough is a poor place from 
which to launch a competitive 
drive. Congratulations on your 
otherwise fine publication. 
Loren L Krueger, PE 
Minnetonka, MN 


Amend those bus specs 


EDN’s recent Designer’s Guide 
to wC buses (May 24, June 10 
and June 24) mistakenly listed 
the Multibus (P796) as a 
32-bit-wide bus. The Multibus 
can accommodate 32-bit-wide 
transfers via multiplexing, how- 
ever, and incorporates refine- 
ments that make it an obvious 
step toward more powerful and 
wider word pPs. 

Further, buses such as Fast- 
bus and P896 represent a new 
category of bus design. Both are 
designed for maximum imple- 
mentation ease and thus don't 
restrict designers by imposing 
stringent specifications that 
must be followed in all cases. 

Note that some of the 
specifications for these two 
buses presented in the Design- 
er’s Guide were also in error 
(table). To clarify the table 
entries, note that the P896 bus 
only specifies an interconnection 


units available. If our sees units do not meet et juirements, 
our unique high voltage engineering and production capability can 
provide power supplies to meet your custom specifications. 


@ 0-50kV @ Instruments @ Modules 
@ Single or Multiple Output © Remote Programming 
@ Remote Monitoring @ Digital Interfacing 
@ Other custom requirements. 
See EEM or GOLD BOOK for specifications on over 100 standard products available from stock 


TA BERTAN ASSOCIATES, Inc. 


3 Aerial a Syosset, N. Y. 11791 © (516) 433-3110 e TWX 510-221-2144 
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If you have to choose, 


don't. 


Specify Mostek 
64K ROMs instead. 


In today’s business environment, 
what makes a 64K ROM competi- 
tive? It’s not just specs. Or quali- 
ty. Or delivery. Or price. Or any 
other single factor. It’s all of 
them, together. 

So why settle for less by having 
to choose? Especially when you 
can specify ROMs that will meet 
all your requirements. Mostek 
64K ROMs will. Here’s why. 

Experience: We've been mak- 
ing 64K ROMs longer (in excess 
of three years) and have tooled 
more 64K codes (nearly 1000) than 
anyone else. 
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Delivery: Standard prototypes 
in 4 weeks; production quantities 
in 10 weeks and getting better. 

Quality: Outgoing AOL for the 
MK36000 and MK37000 is .25%. 

Reliability: Mean-time- between- 
failure is 1100 years at 55°C. 

Performance: High speed and 
low power characterize both Mostek 
64K ROMs: 200ns, 250ns, or 300ns 
access; 220mW active and 45mW 
standby (max.). 

Selection: Our 24-pin MK36000 
is the accepted standard. And our 
28-pin MK37000 is part of the 
JEDEC-approved Mostek family of 
compatible x 8 BYTEWYDE* 
memories. 


*BYTEWYDE is a trademark of Mostek Corporation 


Packaging: Our 64K ROMs are 
available in plastic, cerdip, ceramic 
and leadless chip carrier (LCC) 
packages; in commercial and mili- 
tary grades (883-B). me 

Price: As competitive as you can ae 
get. Check for yourself. = 

If all of this still hasn’t con- 
vinced you to consider our 64K > 
ROMs, make it a point to call your 
Mostek sales office listed on the 
next page. Or write Mostek, 
West Crosby Road, Carrollton 
75006. Attn: John Landau, M.S 
714. (214) 323-6222. In Europe, 
contact Mostek International at _ 
(32)2.762.18.80. In the Far East, _ 
Mostek Japan KK (03)-404-7261.. 


© 1981 Mostek Corporation : 
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BUS FEATURES FASTBUS P896 


NUMBER OF LINES SPECIFIED/AVAILABLE 130/580) 64/64@) 
DATA-FIELD WIDTH 32M 32 
TRANSMISSION MECHANISM (PM = PARTIALLY MULTIPLEXED, FP = FULLY PARALLEL) PM FP 
SYSTEM GEOMETRY (PC = ONE PCB, OC = ONE CRATE, SC = SEVERAL CRATES) SC Oc 
UNIFIED ACCESS TO MEMORY AND 1/0? Y Y 


MULTIPROCESSOR CAPABILITY? 


REDUNDANT TRANSMISSION PATHS SPECIFIED? A 6 Y® 
ADDRESS LINES WIDTH (M = MULTIPLEXED) 32, M 32, M 
DATA LINES WIDTH (M = MULTIPLEXED) M 32, M 


CONTROL LINES ns 


TIMING LINES 6 
LINES OTHERWISE SPECIFIED _ 86) 
RESERVED LINES 19 N 
FREE-USE LINES 0 N 
POWER LINES (M = MULTIPLE) M 4+ 


DATA-LINE USE (U = UNIDIRECTIONAL, B = BIDIRECTIONAL) 
ADDRESS EXPANSION POSSIBLE? 
MAXIMUM EXPANDED ADDRESS FIELD —_ 32 
MAXIMUM NUMBER OF DEVICES BY ELECTRICAL DRIVE CAPABILITY <32 32 
MAXIMUM NUMBER OF DEVICES BY DEVICE ADDRESSING CAPABILITY 231) 232 


BUS-ACCESS MANAGEMENT—CENTRALIZED? N 
— DAISY CHAIN? N 
— PARALLEL POLLING? _ Y 
—SERIAL POLLING? _ N 
— DIRECT LINES? = N 


— OTHER? 


PROGRAM-INTERRUPT MANAGEMENT—CENTRALIZED? N 
—DAISY CHAIN? N 
— PARALLEL POLLING? so Y 
—SERIAL POLLING? = ¥ 
— DIRECT LINES? — N 
— OTHER METHODS? = N 


ee 
MAXIMUM TIMES FOR SINGLE REQUEST—BUS-ACCESS DETECTION (AS = ASYNC) — AS 


—PROGRAM INTERRUPT DETECTION = VAR 
—PROGRAM INTERRUPT LATENCY — VAR 
—PROGRAM INTERRUPT PROCESSING = VAR 


DATA-TRANSFER TYPE—SYNCHRONOUS (FIXED TIMING)? ¥ 
— ASYNCHRONOUS? Y 
—SYNCHRONOUS (HANDSHAKE)? y. 


SINGLE OPERATIONS ONLY? N 
MULTIPLE UNINTERRUPTIBLE OPERATIONS?6) af 
MULTIPLE INTERRUPTIBLE OPERATIONS? ¥ 
MULTIPLE-SOURCE READ? ¥ 
MULTIPLE-DESTINATION WRITE? N 
DISTINCTION BETWEEN BYTE/WORD TRANSFER? N 


<~<<z<<zZ 


SPECIAL LINES—HOLD? 
—WAIT? 
—INITIALIZE-RESET? 
— POWER FAIL/WARNING? 
— INTERRUPT REQUEST? 
—INTERRUPT ACKNOWLEDGE? 
— OTHERS? 


Za 2 LL Ln he 


LINES FOR HANDLING ERRORS—TRANSMISSION ERRORS? Y 4 
— OPERATIONAL (USER ERRORS)? — 4 


NOTES: 
HAS 130 LINES ON BACKPLANE AND 58 ON CABLE BUS. 
<32 DEVICES PER SEGMENT. 
HAS TWO LEVELS. LEVEL-1 LINES (CURRENTLY BEING DEVELOPED) ARE 64 SPECIFIED/64 AVAILABLE 
AND LEVEL-2 LINES (STILL NEEDING REFINEMENT) ARE 96 SPECIFIED/96 AVAILABLE. 

(@) NO PROVISION EXISTS WITH THE 64-PIN ARRANGEMENT FOR REDUNDANT PATCHS WITHOUT AN 
EXTRA CONNECTOR. THIS IMPLEMENTATION PROBLEM IS LEFT TO DESIGNERS. 
BUS ARBITRATION. 
INDIVISIBLE —CURRENT BUS OPERATION WILL RUN TO COMPLETION. 


medium and protocol with part of the interrupt structure. 
minimal emphasis on implemen- Additionally, the Fastbus 
tation. Most of the attributes high-speed data bus (less than 
listed in the table are left up to 100-nsec word transfer on a 
the system designer’s choice. short segment), suits multi- 
Items such as timing requests crate, multiprocessor applica- 
are implementation dependent, tions that require a system-wide 
and special line functions are (over several crates) addressing 
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WITH OUR CATALOG 
YOU MAY NOT NEED 
A CUSTOM 


Gapacitor, 


AND THE 
\\ CATALOG 


Picture a complete 
concise composite catalog of over 
800 off-the-shelf capacitors, over 
1200 variations includingsome weird 
and unusual units. If what you need 
isn’t there, then drop us a line, or 
give us a Call, we'll custom design 
a Capacitor for your circuit, and in 
most cases there is no charge for 
customizing. But check the catalog 
first, what you need may be there and 
ready for immediate shipment. 

TO GET YOUR CATALOG, 
JUST DROP US A LINE. 


Box 997 Brooksville, Florida 33512 —€% 
Phone (904) 796-3562 Cable Address. CONDENSER 


Doing business throughout the world 
since 1934 
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TELEPHONE 
COUPLING 
TRANSFORMERS 


NOW AVAILABLE TO 
COMPLY WITH NEW 
FCC PART 68 


Low Profile 
PC 
Construction 
DESIGNED FOR 
VOICE/DATA 
TELECOMMUNICATIONS 


Request Engineering Bulletin F232 and 
Complete Catalog on your Letterhead 


Complete line of 
AUDIO - POWER 
COMMERCIAL - MIL 
Transformers 


IMMEDIATE DELIVERY ~~. 
FROM DISTRIBUTORS 


MICROTRAN 


COMPANY INC 
145 E Mineola Ave Valley Stream NY 11582 
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capability. Consequently, the 
bus definitions don’t lend them- 
selves to comparison with less 
capable buses (hence the lack of 
specs in the table for bus-access 
management and detection and 
program-interrupt manage- 
ment). You can obtain additional 
information on the Fastbus from 
R S$ Larsen, chairman, Fast 
System Design Group, Stanford 
Linear Accelerator Center, Box 
4349, Stanford, CA 94805. 


Benchmark update 
updated 


Dear Editor: 

In the box in EDN’s Bench- 
mark Update (see pg 169 in this 
issue), the execution times 
shown for the MC68000L12 are 
correct for a clock frequency of 
12.0 MHz. However, the specif- 
ied minimum clock-cycle period 
for the MC68000L12 is 80 nsec, 
which yields a maximum clock 
frequency of 12.5 MHz. 

This clock frequency pro- 
duces an approximately 4.0% 
execution-time reduction on the 
benchmarks as shown below: 


Benchmark Execution time 
(usec) 

25.6 
257.3 

180 

55.7 

96.8 
13,878 

293 


Motorola’s branding proce- 
dures do not allow fractions (¥% 
would be too small to be read) or 
decimal points (also too small) 
in the branded part number. 


Sincerely, 

James J Farrell III 

Manager, Technical 
Communications 

Motorola MOS Integrated 
Circuits Group 

Austin, TX 


Arla o> 


STAND-ALONE ICE 


Stand-alone ICE is a new class of instru- 
ment, created by Millennium, for use in 
development labs to debug pP-based 
systems. Traditionally, microprocessor 
development systems were used for all 
development functions: code entry and edit, 
assembly, compilation, linkage of relocat- 
able modules, and debug. And, the same 
system was used to debug hardware. 

By distributing both the hardware and 
software debug functions into a separate 
instrument, development becomes 
“unbundled:’ The software development 
system can perform its classic functions 
(code entry, edit, assemble/compile), and 
the separate stand-alone ICE station debugs 
hardware or software simultaneously. The 
result is two users employing one “‘single- 
user’ development system for two sepa- 
rate tasks at the same time. 

This approach of unbundling debug and 
software development stations provides 
modules that may be configured to support 
the development task at hand. The ratio of 
software development stations to soft- 
ware/hardware debug stations may be 
varied to properly support the number of 
engineers and programmers on a project. 

Development labs which use minicom- 
puters for software development can also 
benefit from the unbundled approach. 
Stand-alone ICE debug stations can work 
with minicomputers as readily as with 
microprocessor development systems. 
Software can be generated using editors 
and cross-assemblers on the minicomputer, 
and downloaded to the ICE station via an 
RS232 port. The ICE station can be used as 
either a code execution vehicle, or as a 
hardware/software debug station. The 
minicomputer thus becomes a multi-user 
development system. 
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n-circuit emulation | 


just came unbundled. 


Do-it-yourself ICE™ Start small. 
Think big. With the Millennium 9508 
MicroSystem Emulator and a CRT, you 
can add a total hardware/software 
development and integration station 
to your mini or dedicated development 
system. Using a single RS-232 port. 
Or, double your equipment’s productiv- 
ity by using the 9508 stand-alone as a 
debug instrument. ma 2 
Real time emulation. With speeds up - 
to 11MHz. So, choose your pP or uC. . 
The 9508 provides full speed emula- 

tion for the Z80A, 8085A, 6801, 

6803, 6809, 8048, 8049, 8041, 8021 

and 8035. With more on the way. But 


(or) 9508 
EMULATOR 
you don't have to buy them all. You 


simply buy the emulator boards you need. As you need them. 
Complete cross-software. If we emulate it, we support it with 
complete cross macroassemblers. Simple as that. Emulation and 
cross-software from a single source. Debugged by Millennium. 
Mappable memory. The 9508 has up to 16K of high speed 
memory, mappable on 1K boundaries. Program changes can be 
made with a line by line assembler. Thus, full memory, register and 
1/O can be examined and modified, quickly. And, emulation mem- 
ory can be mapped anywhere in the target wP's address space. 
So, you can develop a system without a complete hardware proto- 
type. In fact, software debug can begin without hardware. 

Real time trace. Capture 128 events in the trace buffer. In real 


THE 9500 
FAMILY* 


ead 


*Products shaded in black are immediately available. 
ICE is a trademark of Intel Corporation. 


9580 SOFTWARE 
DEVELOPMENT SYSTEM 
WITH HARD DISK 


9508 9516 
EMULATOR EMULATOR 


time. Then, display in disassembled 
form for quick debugging. The 9508 
lets you qualify the entered events ten 
different ways dramatically improving 
the “Trace Debug Window” into your 
target system. 

Choose your mode. External or inter- 
nal emulation. Real time emulation 
step-by-step. Hardware development, 
software development or hardware/ 
software integration. The 9508 was 
designed to help you analyze and cor- 
rect system problems. Efficiently. 
Easy to work with. Start with a 
straightforward command set. Just 25 
commands, all of which are function- 
ally relevant. With the command set, 
you can examine or change any memory location or processor 
register. Other special commands can help you fill or relocate 
large portions of memory. And four available hardware and soft- 
ware breakpoints speed your system design. 

Systems your way. The 9508 stand-alone emulator is just the 
first step on the road to a multi-user, multi-tasking microprocessor 
development system (see diagram above). With a price/perform- 
ance ratio that is melting the competition's ICE. But what else 
would you expect from the people who invented unbundled in- 
circuit emulation. 

More information? Call us. Write us. Or, circle one of the Reader 
Service Numbers below. We'll come running. 


MILLENNIUM 


Call for information or demonstration 
(800) 538-9320 Toll Free 
(800) 662-9231 in California 
Millennium Systems Inc., 19050 Pruneridge Ave., Cupertino, CA 95014 


Millennium Systems is a subsidiary of American Microsystems, Inc. 


LINE (cr) 
PRINTER 

9516 
EMULATOR 


LINE 
PRINTER 


For information circle reader service no. 15 


For demonstration circle reader service no. 16 


Fiow an innovative 
electronics company 
earned a reputation 


as “Old Reliable” 


RCA has more than its share of innovations. 
But we've always put product reliability first. 


1963: RCA begins development 1974: RCA produces world’s first 1976: RCA announces first 
of CMOS. | 164,000 element chip. CMOS microprocessor. 
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As you can see, we've been inno- 
vators for years. 

But ask people what they think of 
when they think of RCA, and they'll 
probably start talking about a com- 
pany that’s been around a long time 
(we started in 1919). They'll talk about 
a big, stable company that’s been in 
the electronics industry from the very 
beginning. And they'll talk about the 
quality and reliability that they've 
come to expect from “Old Reliable.’ 

What “Old Reliable” means. 

To our customers, “Old Reliable” 
means quality and reliability in the 
products they buy from RCA. 

Our goal is to produce compo- 
nents that perform to specification 
in your products. And continue to 
perform, day after day, month after 
month, year after year. 

To make sure that happens, we 
spend countless hours on reliability 
research and testing. In fact, we've 


1976: RCA pioneers the first 
BiMOS op amp. 


written more papers on product relia- 
bility than any other electronics 
company in the United States. We 
design quality and reliability into 
every product we make. 

Leaders in CMOS. 

We invented CMOS. We delivered 
the world’s first CMOS logic parts as 
early as 1966. And today we offer you 
a full line of CMOS devices. 

Last year, for example, we shipped 
more than one million CMOS micro- 
processors. Nobody else even came 
close. In addition, we shipped more 
than 175 million CMOS logic ICs. 

In addition to commercial devices, 
we also supply a full line of High- 
Reliability parts. (In April 1981, RCA 
became the only supplier to qualify for 
Class S, Part 1 certification for CMOS 
radiation-hardened devices.) 

Pioneers in BiMOS. 

In 1976, we introduced BIMOS 
technology. Since then its parametric 


1980: RCA produces first CMOS 
6-bit flash A/D converter. 


and performance advantages have 
set new standards in op amp tech- 
nology. 

Preparing for the future. 

To make sure that we maintain the 
highest standards of quality and 
reliability, RCA Solid State is stepping 
up its investments in new equipment 
and personnel. Further, the RCA 
Princeton Laboratories plus our Solid 
State Technology Center provide 
some of the most advanced R&D 
Capabilities in the industry. 

“Old Reliable” is determined to 
continue providing the components 
you need, for a long time to come. 

And of course, we'll keep those 
innovations coming, too. What else 
would you expect from the people 
who brought you CMOS, BIMOS and 


television? 


CIRCLE NO 17 


1981: RCA announces expandable 
CMOS microprocessor chip set. 


Is there no limit 
to IEEE’s arrogance? 


Because of IEEE’s apparent unwillingness over the years to represent the 
best interests of the bulk of its membership—working engineers—many of 
its members have dropped their affiliation. Additionally, many other engi- 
neers have refused to join at all. However, “unwillingness” (translate to 
“unresponsiveness”) might be too kind in describing the Board of Directors’s 
latest move. “Arrogant” is closer to the mark. 

Once again, without consulting IEEE’s membership, the Board has taken 

an action that appears to be self serving and ill advised. In the name of 
IEEE, it has filed a brief with the US Supreme Court supporting the 
contention of ASME (the American Society of Mechanical Engineers) that 
engineering societies should be exempt from the Sherman Anti-Trust Act. 
, ASME’s appeal to the Supreme Court stems from a lower court’s ruling 
——— : that ASME members conspired with a manufacturer of boiler safety equip- 
L — ) ment when they met with that manufacturer and then issued a statement on 
ASME letterhead implying that another manufacturer’s safety device did not meet ASME’s boiler-code regulations. 
In reality, the device did meet the regulations. The second company claimed that this letter affected sales, forcing it to 
go out of business. The court agreed and awarded the firm $9.9 million in the resulting suit against ASME. 

The basis for ASME’s appeal and IEEE’s brief is that the society’s committees consist of volunteers who should not 
be held accountable for their actions in the name of ASME. IEEE contends, “Indeed, a rule of strict liability may 
herald the curtailment of beneficial professional society programs in any case where organizational procedures 
theoretically may be abused by volunteer members for individual commercial advantage. In a large society such as 
IEEE, a significant number of such programs may be jeopardized, in spite of the existence of reasonable, workable 
procedural controls, because of the impossibility of policing all society members’ conduct.” 

EDN believes that this position is a foul-smelling smokescreen. The fact that committee members are volunteers 
should have no bearing on their accountability. They can do the same amount of harm (or good) whether they’re paid 
or not. And if a society accepts the responsibility of setting industry standards and/or regulations, it must be willing 
to be held accountable for its actions and the actions of the members it appoints to key committees. 

IEEE’s Board consists of company executives and academics. It has rarely been accused of taking stands that 
benefit the membership when such stands conflict with its members’ interests. The Board’s actions have remained 
true to form in this case. 

EDN urges IEEE to withdraw its brief. The engineering profession will never attain the respect and stature it 
strives for if it refuses to be held responsible and accountable for its actions. 


An Award*-Winning Magazine W firbery 
1978 Staff-Written Series— 


System Design Project 
1978 Contributed Series— : Roy Forsberg 
Designer’s Guide to Fiber Optics Editorial Director 
1977 Contributed Series— 
Software Design Course 

1976 Special Issue— 
Microprocessor Reference Issue 
- 1975 Staff-Written Series— 
Microprocessor Design Series 
*Jesse H Neal Editorial Achievement 


Awards are the business-press Pulitzer 
Prize equivalent. 
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lika te brind I org. OE liccian, ME brende: a twinkling of the eye. 
1) areal trouper whos everywhere at once. 2) mercurially expeditious courier. 
3) very busy person who rents general purpose electronic test equipment 
from Leasametric. Motto: All is flux, nothing stays still. 


Electronic test 
equipment for rent, 
cheap! 


Just by calling Leasametric you can save money and get the exact general 
purpose electronic test equipment you need. And — guess what — you'll get 

it within 24 hours. Lickety Brindle will see to that. We also have a complete 
inventory of the finest test equipment on the market, including everything 
from accelerometers, amplifiers, analyzers, calibrators, meters, oscillo- 
scopes, and development systems to recorders, signal sources, temperature 
chambers, voltmeters, waveguides and complete accessories. Check this 

list of monthly specials, then call Leasametric lickety brindle! 
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MANUFACTURER ITEM DESCRIPTION 


Data I/O 900-1903 System 19 
HP 1611A Microprocessor Logic 
State Analyzer 
HP 8413A Phase Gain Indicator 
HP 8445B Tracking Preselector 
Invertron 800T-40/5k-1 Power Supply Plug-in 
HP 1615A Logic Analyzer 
HP 182T Oscilloscope Mainframe, 
Non-Storage 
TEK 8002A Microprocessor Development 
System 
HP 3964A Instrumentation Tape 
Recorder 
Dranetz 616A DC/AC Voltage Disturbance 
Analyzer 
TEK 922 Laboratory Non-Storage 
aes Oscilloscope 15 MHz 
Ve es y) — HP 6269B DC Laboratory Power Supply 
ae tei. Se TEK 7A18 Amplifier for 7000 Series 
= oe Mainframe 
eee Brush/Gould 13-4615-00 DC Amplifier 
HP 8555A RF Section 
TEK 7B85 Time Base for 7000 Series 
Seakcer ea Mainframe 
ET . 
ce) Call us for your free rental equipment catalog. 


o*<—~$00-4474706, 


etric 


In Illinois call 800-322-4400. In Canada call 1-800-268-6923. 
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“..are you stil 
designing with 
needie-type 

nanel meters? 


Why short change yourself 
on product appearance? Or panel- 
meter reliability? Bowmar Solid-State 
Analog Panel Meters are light-years 
ahead of needle-type meters. Trim, 
compact, up-to-the-minute in styling, 
Bowmar meters with bright LED bar- 
graph and setpoint displays provide 
accurate information at a glance. 

2.5 millisecond response time, one 
percent accuracy. They’re immune 
to vibration and impact shock. 
They never stick, never over-travel. 
Mil Standard model available. 

Send for information. You'll 

agree — with Bowmar panel meters. 


One look says it all! 


Bowmar/ALl, Inc. 
531 Main Street, Acton, MA 01720 
617/263-8365 / TWX: (710) 347-1441 


800-343-5202 
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_ Panasonic CRT’s= 
not just another pretty face. 


When you can pack information on your screen to the sizes, from 5” to 25”, and eight monochrome sizes from 1 1/2” 
furthest edge, and see it clearly under most lighting to 15”, plus special phosphors in both monochrome and . 
conditions, that’s not just another CRT in your display color. Ourwide selection is your design EVENLY: our 
terminal. It’s probably a Panasonic. And it spells up-front Direct Etch screen, an option . 


advantages from any point of view. available on most models, ensures 


non-glare viewing and contrast 

Good looking for viewers. enhancement while saving you the 

In colorand monochrome tubes alike, get sharp, clear cost of a separate faceplate. Our 
focusing corner-to-corner and center-to-edge, thankstoa consistent quality and focniae spe 
precision beam spot size and the Panasonic electron gun. your selling points. And our reliable 

Panasonic high resolution color display tubes provide delivery and stock a tive moat . 
color photograph-quality pictures with twice the resolution popularsizes, models and opti mpegs Direct Etch 
of ourconventional tubes. Le 

Saas : are all the back-up you need. 

You get the world’s highest dot density (5x as many dots So whether you’re buying or 
per unit area as conventional color CRT’s), so you can use building a CRT display, look for 
smaller characters and fit more data onthe same size something more than just another 
screen. You also get the high brightness and contrast of the 


Panasonic black matrix background. aad bated aaeka Athan ae 


An OEM competitive edge. Company, Electronics Components ee 
Whether you build monitors, terminals or entire computer Division/Electron Tube Marketing, paints ee 
systems, a Panasonic CRT can bea key factor in your One Panasonic Way, Secaucus, NJ "Polished 


competitive strategy. Choose from five color tube screen 07094; (201) 348-5275. 


Panasonic. 


just slightly ahead of our time 
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Technology Update 


Frequency counters offer wide 
in form, function and price 


Andy Santoni, Western Editor 


Instrument vendors now supply a 
wide variety of frequency counters 
to meet virtually any frequency- 
measurement need. Monolithic 
counters range from low-cost in- 
struments—some with IEEE-488 
interfaces—to microwave units that 
reach 110 GHz. Plug-in counters 
provide flexibility, either as counter 
mainframes with plug-ins for differ- 
ent functions or frequencies or as 
general-purpose instrument main- 
frames that accept a variety of 
counter modules. And you'll also 
find counters in multifunction instru- 
ments or logic analyzer/counters. 


When shopping for any of these 
instrument types, you'll encounter a 
multitude of suppliers offering 
many counter variations, notes 
Michael Nelson, marketing product 
analyst at instrument renter Leasa- 
metric Inc. There’s probably one to 
meet virtually any need. And a 
handful of general-purpose models 
would probably cover almost every 
requirement. For instance, three 
counters—a 1-GHz battery-operat- 
ed portable, a 1-GHz universal 
counter/timer and a microwave 
counter—could probably satisfy 
95% of all user needs. 

When renting a unit for a few 
days, you can afford to pay for such 
extra capability. But when buying 
in OEM quantities, the price 
differential between a general- 
purpose instrument and one more 
closely matching your requirements 
becomes significant. Then, you'll do 
best by reviewing the wide variety 
of models available and selecting the 
one best matched to your needs. 


Counters cover more 


Today you can select one versatile 
unit that handles a wide range of 
applications. Hewlett-Packard’s 
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Counters and universal counter/timers offer a wide range of performance and features. At 


selection 


Sarton 
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the high end, Hewlett-Packard’s $5200 Model 5345A covers dc to 500 MH7; plug-ins widen its 
coverage to 40 GHz. Single-shot time-interval measurements to 2 nsec and an optional 


IEEE-488 interface are also available. 


Model 5335A ($2950), for example, 
covers de to 200 MHz and with the 
optional C channel ($450) reaches 
1.3 GHz. Yet its standard features, 
such as a GPIB interface, make it 
cost competitive with the older HP 
Model 5328A ($1450), notes Susan 
Davis, purchasing manager at 
United States Instrument Rentals. 
Thus, to provide performance 
roughly equivalent to that of the 


1.3-GHz 5335A, the plug-in Model 
5328A needs a bus-interface module 
($350), 1.8-GHz C channel ($650) 
and programmable input-control 
module ($950)—and the 5335A still 
provides better single-shot time- 
interval averaging performance (2 
vs 10 nsec) as well as built-in math 
and statistics capabilities. 

With its improved performance, 
Model 5335A illustrates the evolu- 
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tionary refinement of today’s fre- 
quency-counter designs, says 
Leasametric’s Nelson, as opposed to 
quantum leaps in performance. 
Suppliers have been “chipping away 
at problems,” agrees Richard 
Watts, product marketing manager 
at Hewlett-Packard’s Santa Clara, 
CA Instrument Div. Math func- 
tions, for instance, make it easier 
for users to get the data they want, 
not just a raw readout of frequency 
or time interval. 

The latest counters also imple- 
ment the devices and features 
becoming standard in all types of 
instruments—usually an IEEE-488 
interface and uP control. _ 


Bus control at any price 

The IEEE-488 bus is not restrict- 
ed to the more expensive models, 
elther. It’s also available in low-cost 


counters. For instance, HP’s Model : - : 
58164 1500) f ch b Modular frequency counters in Tektronix’s TM 500 Series can plug into a mainframe. Units 

($1500) furnishes US“PFO- range from the 5-digit, 80-MHz DC 504 ($525) to the 9-digit, 1-GHz DC 508 ($1250). All are 
grammable measurement functions, compatible with the firm's TM 5000 programmable instrument system. 


de trigger level and slope. And like 
the manually controlled Model 
03815B ($1050) and the portable 
Model 5315A ($875), it measures 
frequency to 100 MHz. It also 
provides an optional C channel 
($250) that increases capability to 
1.0 GHz for both continuous-wave 
and pulsed RF signals as narrow as 
60 msec. 

All these units measure time 
intervals from 100 nsec to 100,000 
sec. Additionally, their time-inter- 
val-averaging function provides 
greater resolution for repetitive 
events, and the time-interval-delay 
feature avoids spurious-signal 
measurements by holding off the 
counter’s trigger point for a precise, 
selectable time. 

You'll also find IEEE-488 inter- 
faces at the high end of the 
frequency spectrum. EIP Micro- 
wave’s Model 575 ($7600) covers 10 
Hz to 18 GHz, and Model 578 
($8800), extends this range to 26.5 
GHz; optional accessories for 110- 


Among the various programmable plug-in instruments in Tektronix's TM 5000 Series, you'll GHz capability add another $7000 
find two counters: Models DC 5009 (135 MHz, $2200) and DC 5010 (350 MHz, $3600). (see pg 215 in this issue). 
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smart power for yourATE 


the KE PCO 
series| ATE 


TM 


programmable d-c power supplies 50W to 
1000W. 0 to 6V up to 0 to 150V in 4 sizes 


analog programmable digitally programmable 
at high speed for waveform simu- with either IEEE-488 data format or 
lation and feedback-based control from parallel data buses using the 
applications. Kepco series SN interfaces. 


50 and 100W 250W 500W 


RACK ADAPTER AVAILABLE 
To mount % rack, 7/2 rack and 
the 34 rack sized models. 


Series ATE power supplies features two built-in uncommitted op-amps for signal 
scaling, inverting, summing and control. Full automatic crossover voltage and 
current stabilization with complete operational control over the voltage function 
and the current function. Built-in (programmable) over-voltage protector and flags 
to read back status. The ATE from Kepco are perfectly suited to interface with 
your automatic equipment. They’ll provide you with a forcing function that can 
smartly respond to your controller's most subtle command. 


KE F4 CC CJ ® For complete specifications, write Dept. DEF-12 


KEPCO, INC. + 131-38 SANFORD AVENUE + FLUSHING, N.Y. 11352 U.S.A. * (212) 461-7000 » TWX #710-582-2631 + Cable: KEPCOPOWER NEWYORK 
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Both instruments offer source 
locking, which affords broadband 
control of swept sources to provide 
synthesizer stability at relatively 
low cost. This feature also allows 
you to control a swept source via the 
IKEE-488 bus even if the source 
lacks a bus interface; you program 
the counters over the bus to set the 
source at any desired frequency. 


uPs enhance features 


EIP’s instruments exemplify how 
wPs have found their way into 


frequency counters, as they have 
into almost every other instrument. 

In early applications, they con- 
trolled interfaces to the keyboard, 
front-panel readouts and rear-panel 
programming inputs and outputs. 
Later, they added features such as 
arithmetic processing. More recent 
designs, though, use the processor 
in the measurement process itself, 
yielding a wider frequency range, 
shorter measurement time and 
simpler operation along with lower 
complexity and cost. Such products 
are therefore pP based, not merely 
wP controlled. 

Improvements in frequency- 
counter designs, however, go be- 
yond those implemented in other 
instrument types, notes Norbert 
Laengrich, international marketing 
manager at Racal-Dana_ Instru- 
ments. These developments have 
changed the nature of both frequen- 
cy counters and the more capable 
universal counter/timers. 

In frequency counters, the most 
obvious trend is to higher frequen- 
cies. Along with the record-holding 
110-GHz models from EIP Micro- 
wave, units such as HP’s 53845A and 
Systron-Donner’s 6000 Series reach 
far into the microwave region. 

EIP’s instruments also typify the 
trend away from plug-in units to 
monolithic instruments. Such _in- 
struments, with internal modular 
designs, offer more value than 
mainframe/plug-in units because 
they are less expensive to build, 
explains Howard Lurie, marketing 
VP at EIP. 
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A low-cost counter featuring IEEE-488-bus 
compatibility, Hewlett-Packard’s Model 
5316A (bottom) costs $1500. The $1050 
nonprogrammable Model 5315B (center) 
and the $875 portable Model 5315A also 
provide 488 compatibility. 


To widen frequency range, 
Lurie’s firm’s instruments incorpo- 
rate a second internal down 
converter, which is mechanically 
simpler than using front-panel 
plug-ins. Thus, you don’t have to 
pay for an expensive mainframe 
more powerful than you require. 

Another trend that has surfaced 
in the last few years is direct 
counting at higher frequencies, 
points out Racal-Dana’s Laengrich. 
Compared to prescaler designs, 
direct-count instruments provide 
lower conversion times. For exam- 
ple, they can cut conversion times 
from 10 to 1 sec compared to a 
divide-by-10 prescaler. 


A counter is more than a chip 


Laengrich also notes that special- 
purpose LSI chips for frequency 
counting have become more widely 
used. These counter-on-a-chip de- 
signs, available from most major 
instrument vendors, reduce system 
chip count to achieve lower cost and 
better reliability. 

LSI counter chips also facilitate 
the design of basic frequency 


counters, and this fact has led to 
many vendors offering this type of 
instrument. A question arises, 
however, about the staying power 
of some of these firms because their 
low-cost products are difficult to 
distribute and support. 

The companies best able to design 
and market low-cost counters are 
those with in-house counter-IC 
capabilities, believes Gail Dishong, 
product director for frequency and 
communication products at Systron- 
Donner. His firm does not claim 
such in-house capabilities; instead, 
for continued success it relies on its 


Pen 


The highest frequency you can measure 
today with a frequency counter is 110 GHz, 
and you can measure it with EIP Microwave’s 
Mode! 578. Models 575 and 578 feature 
source locking; they can control a swept 
source to achieve synthesizer-like perform- 
ance at low cost. 


software and microwave expertise 
—including its thin-film hybrid 
technology—to design complex 
front-end circuits such as those for 
microwave measurements. Dishong 
expects Systron-Donner to continue 
leaving the low end to other 
Suppliers and aim at the midrange 
to high-performance markets. 

One instrument vendor with chip 
capacity is Hewlett-Packard, a firm 
that also develops custom circuits. 
Its multiple-register counter IC 
handles all counter functions and is 
in Models 5315A/B and 5316A. 

Standard frequency-counter chips 
have also made it easier for 
designers to incorporate such func- 
tions into other instruments. Thus, 
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NEW FOTOFORM + .0001 in. PRECISION! 


Plus 1 1” smoothness, § porosity, 750°C resistance, 488 Knoop hardness, 4400 v/mil dielectric strength. 


Now, you can specify extraordinary precision, plus 
the exceptional properties you need, in Corning 
FOTOFORM glass and FOTOCERAM® glass ceramic 
products. We'll custom design holes, slots, and other 
shape geometries for consistent, cost-efficient small 
or large volumes. Even 50,000 holes per sq. in. can be 
held within +.0001 in. tolerances with our advanced 
photosensitive glass technology and new facilities. 
Ideal for substrates, sliders for disc memories, nozzles 
for ink-jet printers, cell sheets in gas discharge dis- 


plays, wire guides for dot matrix impact printers, and 
fluidic devices. 

BUG US. 

For specifics on our new precision, physical proper- 
ties, prototype development, and production capabili- 
ties call (607) 974-7595, or write: Corning Glass Works, 
Electronic Materials Dept. MS-5124, Corning, New 
York 1483]. 


FOTOFORM and FOTOCERAM are registered trademarks of Corning Glass Works 


CORNING 


MACROPHOTO of .492 in.-wide chip with holes from .020 in. to .001 in.; slots .010, .005, .001 in. Bug: F. 
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Wide-range frequency counters from Systron-Donner include Models 6241A (100 MHz, 
$800) through 6244A (4.5 GHz, $3300), shown at left; thin-line, rack-mounting Models 6041A 
(100 MHz, $1400) through 6043A (1.25 GHz, $1900), in the center; and Models 6245 (18 GHz, 


$4700) and 6446A (26 GHz, $5200), on the right. 


Universal counter/timers and basic frequ 


counter ($1050). 


For more information... 


EIP Microwave inc 
2731 N First St 

San Jose, CA 95134 
(408) 946-5700 
Circle No 636 


John Fluke Mfg Co Inc 
Box C9090 

Everett, WA 98206 
(206) 342-6300 

Circle No 637 


Hewlett-Packard Co 
1507 Page Mill Rd 
Palo Alto, CA 94304 
Phone local office 
Circle No 638 


Leasametric Inc 
1164 Triton Dr 

Foster City, CA 94404 
(415) 574-4441 

Circle No 639 


Nicolet Paratronics Inc 
2140 Bering Dr 

San Jose, CA 95131 
(408) 263-2252 

Circle No 640 


ency counters in Fluke’s line include Models 
7250A ($675), 7260A ($850) and 7261A ($995) universal counter/timers and Model 7220A 


For more information on the frequency-counter products and services 
described in this article, circle the appropriate numbers on the Information 
Retrieval Service card or contact the following manufacturers directly. 


Racal-Dana instruments Inc 
18912 Von Karman Ave 
Irvine, CA 92713 

(714) 833-1234 

Circle No 641 


Systron-Donner Instrument Div 
2727 Systron Dr 

Concord, CA 94518 

(415) 676-5000 

Circle No 642 


Tektronix Inc 

Box 1700 

Beaverton, OR 97077 
(800) 547-6711; in OR, 
(800) 452-6773 

Circle No 643 


US Instrument Rentals Inc 
2988 Campus Dr 

San Mateo, CA 94403 
(415) 572-6600 

Circle No 644 


Vu-Data Corp 

7170 Convoy Ct 

San Diego, CA 92111 
(714) 279-6572 
Circle No 645 
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you'll find counter capability in logic 
analyzers such as Paratronics’s 
Model NPC-764 or System 5000. 
HP’s Model 1611A and Model 64000 
development system also provide 
counter-like capabilities such as 
time-interval measurements. 
Frequency counters are also 
available as options in oscilloscopes; 
Tektronix’s Model 465B has a 
frequency counter/DMM option 
costing $445, and Vu-Data’s PS900 
Series scopes offer the same 
capability for approximately $400. 
Universal counter/timers have 
added new features, too. For 
example, these instruments can 
now usually make high-level meas- 
urements for rise time, fall time and 
slew rate. They also feature more 
selective measuring characteristics, 
with sophisticated arming and 
triggering functions. These capabil- 
ities allow you to trigger exactly 
Where you want to, not just on 
voltage crossings, and synchronize 
the counter to any desired pulse, not 
just the first or largest in 
amplitude. And they simplify meas- 
urements, especially in applications 
such as radar burst measurements. 


CRTs could aid counter usage 


Simplifying measurements will be 
one goal of future counter designs. 
A simple CRT screen built into a 
counter, for instance, could help 
users to visualize trigger levels and 
frequencies and provide greater 
confidence in measurements. 

In this regard, HP’s Watts feels 
that too many engineers, lacking 
this visual aid, turn to oscilloscopes 
for such measurements. Scopes, 
however, permit relatively accurate 
frequency measurements at best. 
Watts thus foresees a monolithic 
counter with a CRT tailored to 
frequency-counter needs as a more 
inexpensive alternative to a modu- 
lar CRT/instrument design with 
frequency-counter functions. 

This speculation shows how 
valuable a counter with a built-in 
CRT would be in bench applications. 
In system applications, designers 
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Remember when. DEC controller manufacturers 
discouraged plant tours? 


Every business starts with a big 
idea and a small shop. Emulex 
was no different. The simple rea- 
son we outpaced the industry was 
our dedication to fundamentals. 

Like design. Even in the begin- 
ning Emulex customers didnt 
have to tolerate compromises. Then, 
as now, Emulex designed con- 
trollers that actually out-performed 
their counterparts. 

We also concentrated on prod- 
uct quality. Conventional reliability 
standards weren't good enough for 
Emulex (they still aren't). We use only 
pre-tested/aged parts (MIL STD 
883B); dynamic 96-hour environ- 
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mental temperature cycles; and four 
complete and distinct levels of test- 
ing and quality control certification. 

Emulex didn't skimp on Sup- 
port. Application experts help before 
the sale, technical Support and cus- 
tomer service after the sale. Nation- 
wide maintenance Is available 
through Control Data and General 
Electric. 

Concentrating on fundamenta 
paid off. Today 
Emulex has 
the indus- 
trys best and 
broadest line 
of disk, tape 


S 
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and communications controllers 
for DEC PDP-11, LSI-11, PDP-11/70, 
and VAX-11 CPUs. 

We admit that being big Is no 
reason to work with Emulex. But 
the fundamental reasons why were 
the biggest certainly are. 

There /s a real difference 
between an imitation DEC control- 
ler and a genuine Emulex. Come 
see for yourself. 


Emulex. The genuine alternative. 


Emulex Corporation 
(| 2001 East Deere Avenue 

Santa Ana, CA 92705 

(714) 557-7580 

TWX: 510-595-2521 
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FlarWoven Coble 


Anyway You Want It! 


Terminated. Unterminated. 
With breakouts. Without breakouts. 
Twisted pair constructions. Single component constructions. 


It's inexpensive. Simple to produce. Easy to install. 10 to 40 AWG. 
Any insulation type — even PVC, Teflon®, Tefzel®, and Kapton. Widths up to 
8”. Mix conductor size, insulation, twisted pairs, triads, coaxes, shielded 
and jacketed constructions within one cable. 


flat woven cable from Electroweave... 


ask 
Ri & 


anyway you want it. 
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Measuring frequencies from 30 MHz to 3 
GHz, frequency counters and_ universal 
counter/timers in the 99Hundred Series from 
Racal-Dana ($625 to $2195) cover HF, VHF, 
UHF and microwave ranges and feature 
timebase, battery-pack and IEEE-488 op- 
tions. A bipolar collector-diffusion-isolation 
LSI chip operating at frequencies greater 
than 60 MHz handles most counter functions. 


33 J oe eee eee 
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== Electroweave, Inc. 
== _ 38 Harlow Street, Worcester, MA 01605 
We= Fel (617) 752-8932, 757-3872 
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oscilloscope to set up the system, 
then use a counter tailored to the 
YOU LIKE TO WRITE, 
RIGHT? 


application—perhaps without panel 
controls—in the operating system. 
A CRT, however, would probably 

Then EDN wants you, providing you also 
have an EE degree and at least two years’ 
circuit-design experience. We seek _indi- 


not prove too useful in microwave 
applications, says EIP Microwave’s 
viduals who want to be Boston-based tech- 
nical editors for this top electronics publi- 


Lurie: At these frequencies, the 
cation. 


user generally deals with a well- 
defined signal confined to a narrow 
frequency range. 

CRTs could also help overcome 
another counter problem: control 
complexity. To provide access to all 
functions, front panels have become 
large, complex and even intimidat- 
ing to many users. A solution might 
be to take a lesson from logic 
analyzers and employ CRTs and 
pushbuttons to facilitate function 
selection via menus. 

HP’s Watts points out one final 
area of counter design that will 
improve—input characteristics. To- 
day’s counters have dynamic ranges 
too narrow to handle applications 
such as measuring the rise time of a 
TTL pulse. Tomorrow’s counters, 
however, should overcome this 
limitation. EDN 
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To qualified individuals, EDN offers an 
attractive salary, industry-wide recognition, 
high job satisfaction, and the ability to keep 
abreast of... 


e Advanced Technology 

e Exciting New Products 

¢ State-of-the-art circuit and system-design 
techniques. 


If you thrive on meeting challenges 
head-on... 


If you are an effective, technical communi- 
cator ... then send your resume and salary 
requirements in strict confidence to: Roy 
Forsberg, Editorial Director, EDN, 221 
Columbus Avenue, Boston, MA 02116. 


An Equal Opportunity Employer 


“Our instruments must be more 
reliable than anything they fest. 
It starts with additive boards.’ 


J. W. Jaroszewski, Plant Manager, Dynascan Corporation 


“Our goal in manufacturing B&K-Precision test 
equipment is to make them all an order of mag- 
nitude more reliable than anything they test. 
Several years ago we traced a number of poten- 
tial reliability problems back to the soldering 
line where we had up to twenty different boards 
running at the same time. Photocircuits additive 
helped solve the problems. 


“As additive came in, touchup went down. 
“Because we had heard that additive boards 
enhanced solderability, we turned to Photocir- 
cuits Riverhead. We worked many Photocircuits 
additive boards into our product line. As they 
came in, touchup went down and reliability up. 
“Today, no matter how we optimize our flow 
solder process, we know that the additive boards 
will properly solder with a high degree of toler- 
ance to any process changes. 
“Additive means economical reliability. 
“Through use of microprocessors and large 


|Photocircuits 


scale integration we are constantly packing more 
features into smaller, more portable units. The 
Photocircuits two-sided additive boards provide 
a highly reliable way to meet our design goals. 
They give the production economies and relia- 
bility we need in this highly competitive market. 


“Photocircuits plays a continuing part... 

“There's a fringe benefit in working with Photo- 
circuits Riverhead. There’s always an inter- 
change with engineering before solidifying a 
new design. Our prototypes come in as fast as 
with a prototype house. And even though their 
plant is a thousand miles away, we've had trouble- 
shooting help there within a day.’ 

Whether you make test equipment—or are 
among the tested—the ease of soldering, relia- 
bility and service that come with our additive 
boards can help. Write or call Photocircuits 
Riverhead, Riverhead, N.Y. 11931. Or call (516) 
722-4107. A Division of Kollmorgen Corporation. 


Industry's largest additive capability 
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you can 


It's here. Biomation K101-D. The 
first logic analyzer to combine 
high-speed 50 MHz data and 100 
MHz time domain capabilities with 
advanced 48-channel recording. 
With enough powerful extras to 
demolish your toughest hardware/ 
software integration problems— 
even on the most complex multi- 
plexed microprocessor. 


Fast, accurate software 
debugging. 

With its 50 MHz clock rate, 48- 
channel recording and 16 trigger- 
ing levels, the K101-D isolates 
software bugs faster and more 
precisely than ever before. 
Sophisticated disassembly firm- 


For powerful software 
debugging, K101-D data 
domain capabilities include 
disassembly, 50 MHz clock- 
ing, 48-channel recording, 
12 external clocks, 515- 
word memory, demultiplex- 
ing, 16-level trace control 
for triggering, 6 display code 
formats, and reference 
memory. 


, yn / 


The most powerful general purpose logic analyzer 
for the years ahead. 


W/ i 


ware generates precise mne- 
monics that cut analyzing time. 
And 12 external clocks (AND or 
OR) let you demultiplex 16-bit 
microprocessors, 16- and 32-bit 
minicomputers and bit-slice 
processors. 

100 MHz high-speed 
hardware analysis. 

The K101-D’s advanced high- 
performance hybrid probes let 
you capture glitches as narrow as 
5 ns. And, with 48-channel 
recording, 515-word memory and 
16-level triggering, you'll trap the 
data you need. The convenient 
display formatting and expansion 


Simplify analysis. 
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Call now for a free demo. 
See for yourself why the K101-D is 
a breakthrough in logic analyzers 
for the years ahead. For a demon- 
stration or a copy of our detailed 
product brochure, write Gould 
Inc., Biomation Operation, 4600 
Old Ironsides Drive, Santa Clara, 
CA 95050. For fastest response, 
call 408-988-6800. 


For powerful hardware 
debugging, K101-D time 
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domain capabilities include 
100 MHz clocking, 48- 
channel recording, 515- 
word memory, 5-ns glitch 
capture, 16-level triggering, 
channel labeling, new high- 
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as well as horizontal and 
vertical display expansion 
for easy reading. 


GOULD 


An Electrical/Electronics Company 
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DARKROOM DATA 


records your data at the 
world’s highest resolution and 


Today the world is looking to 
CELCO for answers to the problems 
arising in the exciting field of color 
graphic arts. And now you can create 
your own color slides on THE CELCO 
MACHINE. CELCO’s’ High-Speed, 
High-Resolution Color Film Recorder. 


The CELCO MACHINE provides 
rapid production of high resolution 
color film from 16mm to 105mm. 4 x 5 
and 8 x 10 inch color Polaroid is also 
available for instant monitoring. 


CELCO MACHINES in the field 
are now producing over 180 (35mm) 
color slides per hour, 24 hours per 
day. day after day, month after month, 


year after year. At 4600 line resolution 
and in less than 20 seconds per slide. 
For black and white requirements, 
THE CELCO MACHINE provides even 
faster speeds and higher resolution. 


Unequalled performance. In an 
independent survey for the U.S. 
government, THE CELCO MACHINE 
was shown to provide the highest 
resolution and speed of all the laser 
and CRT film recording systems 
available in the world. Think what this 
can mean in savings alone to your 
organization. Instant data manage- 
ment from your own computer- 
generated image data. 
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fastest speed on color film. 


Picture your imaging require- 
ments on THE CELCO MACHINE. 
Whatever the demands of your unique 
software for business slide genera- 
tion, CAD/CAM applications, Landsat, 
animation, microfiche and micro- 
publishing. Or for other applications 

.. from architecture and design to 
city planning. You can record it on 
color film on THE CELCO MACHINE. 

Send for our colorful and de- 
tailed data brochure. Or call Paul 
Constantine, Vice-President, at 
201-327-1123 in Mahwah, NJ for im- 
mediate information on THE CELCO 
MACHINE for YOU. (CELCO Pacific 
Division: 714-985-9868) 
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Technology Update 


Intelligent-terminal hardware, software 
evolves to meet dual designer needs 


Patrick Kenealy and David H 
Freedman, GML Corp 


With some intelligent terminals 
virtually indistinguishable from 
stand-alone systems, manufacturers 
are still looking for that novel 
combination of mass storage, pP 
and communications capability that 
will give them a niche in an 
as-yet-undefined market. But now 
two areas of competition—both with 
implications for OEM designers— 
are emerging for first-generation 
intelligent-terminal manufacturers 
who seek a market edge: 

@ Development of the hardware 
and software features to sup- 
port special functions 

@ Improvement of the _ price/ 
performance characteristics of 
nonspecialized, C-like intelli- 
gent terminals. 


Defining a typical terminal 


The intelligent-terminal market 
spans distributed-processing, office- 
automation, word-processing, 
graphics and stand-alone applica- 
tions. Although this diversity of 
functions denies manufacturers a 
coherent market against which to 
define product features and prices, 
companies have nevertheless char- 
acterized first-generation intelli- 
gent terminals themselves. 

Such a full-function unit typically 
incorporates 64k bytes of RAM, an 
8-bit ~P and one or more floppy- 
disk drives. It supports at least one 
programming language and offers a 
standard or optional serial printer. 


Patrick Kenealy and David H 
Freedman are editors of Jermi- 
nals Review and The Display 


Pricing Strategy Service, pub- 
lished by GML Corp, Lexington, 
MA. 
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An RS-232C-interfaced ASCII terminal, the CTM-300 from Matrox Electronic Systems also 


features an 8-color CRT display. You can customize its functions from the host computer via a 


downloaded program. 


Many intelligent units display 
sophisticated graphics, and more 
than a dozen current models feature 
multicolored displays. The user- 
programmable CTM-300 from Ma- 
trox Electronic Systems, for exam- 
ple, incorporates an 8-color CRT 
display and sells for less than $3000. 

Average intelligent-terminal pric- 
es (figure) now range from $4000 to 
$8000 for basic units and from $6000 
to $10,000 for units with bundled 
software and printers; prices, 
however, continue to drop. The 
wide price distribution results from 
the diversity of terminal applica- 
tions; similar hardware configura- 
tions can command different prices 
depending on customers’ applica- 
tions and price tolerances. 

You can program virtually all 
intelligent terminals in assembly 
language, and more than half 
support BASIC. COBOL, FOR- 


TRAN and PASCAL are also widely 
supported, and many intelligent 
terminals feature CP/M or similar 
operating systems with extensive 
multilanguage capability. 


Move to specialization 


As distributed processing, office 
automation, word processing and 
other intelligent-terminal applica- 
tions become more standardized, 
intelligent-terminal manufacturers 
will be forced to dedicate their 
machines to fewer and fewer 
applications. Datapoint Corp and 
Texas Instruments, both specializ- 
ing in distributed data processing, 
exemplify this trend. Wang Labora- 
tories has notably stressed office 
automation, and still other manufac- 
turers, such as Chromatics, have 
branched into the business color- 
graphics market. 


Intelligent Systems, Televideo 
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and Zentec, on the other hand, 
continue to offer general-purpose 
intelligent terminals that provide 
users with the equivalent of a 
stand-alone wC. For example, 
Zentec’s latest offering in this 
product area, its ZMS-35, employs a 
8085 pP and sells for $1350. 
Although such terminals usually 
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Technology Update 


cannot support extensive word- 
processing or shared-database capa- 
bilities, they allow users to develop 
and run programs off line, reducing 
demands on their hosts. 


What’s to come 


The intelligent-terminal product 
area continues to develop. First- 


INTELLIGENT 


EDITING 


NONINTELLIGENT 


7 8 10 11 12 


PRICE ($ THOUSAND) 


Plotting terminal prices against available units shows that intelligent-terminal 
capabilities are not as well defined as those of editing terminals (which feature line 
and character insert and delete capabilities) and nonintelligent terminals (which 
aren't programmable and don't have editing functions). Editing-terminal prices are 
clustered less tightly than those of nonintelligent terminals because editing-terminal 
manufacturers can add features to make higher priced units competitive. The more 
expensive units are often ruggedized devices or cluster configurations. 
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Based on an 8085 uP, Zentec’s ZMS-35 
provides 16k bytes of user RAM, a fully 
configurable keyboard and a 12-in. nonglare 
CRT with a 128-character set. 


generation intelligent terminals, 
whether specialized or general 
purpose, are now being joined by | 
second-generation hardware—128k- 
byte, 16-bit systems based on 
Winchester disk drives and backed 
by streaming cartridge-tape drives. . 
This second-generation hardware 
suits users designing systems for 
distributed - processing’ office - auto- 
mation applications. Additionally, 
prices for 8-bit ~Ps and memory 
continue to fall for firms offering 
basic stand-alone units. Thus, such 
a system should eventually sell for 
less than $3000, including a low-cost 
matrix printer. Distributed-proc- 
essing units, on the other hand, 
should sell for $5000 to $10,000. 
Memory-, wP- and diskette- 
system prices are stabilizing just as 
display-tube, keyboard and power- 
supply costs have, and prices for 
basic intelligent units should be- 
come more defined and competitive 
in the next 8 months. 
Developments further in the 
future promise to be just as 
interesting. The intelligent-termi- 
nal industry combines high profits 
and high risk. Prices and _ profit 
margin both remain high and 
flexible, along with off-line-storage, 


EDN SEPTEMBER 16, 1981 


_._ 2 2 nn on ee on en ne Ue 
EDN SEPTEMBER 16, 1981 


ie 
es 


Mail us this a 


and we'll help you discover simple, 
effective solutions to difficult 
troubleshooting 


problems. 


HP’s IC Troubleshooters make 
troubleshooting digital circuits fast 
and less frustrating. Take a look at 
the chart and see why more than 
50,000 people use these simple, 
rugged, low-cost Hewlett-Packard 
instruments. 


LOGIC PULSER stimulates IC's in- 
circuit for testing. Automatically 
drives the circuit to its opposite state. 


No unsoldering components or trace 
cutting. $140-$195* 


LOGIC PROBE shows pulse activity: 
high, low or bad level, single pulse or 
pulse trains. High input impedance. 
Overload protected. Automatic. More 
convenient than a scope. $90-$220* 


LOGIC CLIP with 16 LED’s display 
state of up to 16 IC pins at once. High 
input impedance. Overload pro- 
tected. Automatic. $145-$200* 


CURRENT TRACER inductively 
senses and displays logic current 
pulses. Finds shorts and stuck nodes 
with no unsoldering or trace cutting. 
Uses in-circuit current or pulses from 
Logic Pulser. $400* 


*Domestic US prices only. 


Order now, or call your nearby HP 
sales office for complete information, 
or write Hewlett Packard, 1820 
Embarcadero Road, Palo Alto, 
California 94303. 
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Yes! I want to discover easy solutions 
to difficult troubleshooting problems. 
Please rush me a free copy of HP's 20- 
page Troubleshooting Catalog and a 
copy of HP’s new 38-page “New Tech- 
niques of Digital Troubleshooting: 


NAME 
COMPANY. 
ADDRESS 

CITY 
STATE 
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HEWLETT 
PACKARD 
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Truly 
the most... 


BUCHANAN‘! 


Terminal 
Blocks 


From 30A miniature (wire 

sizes #30 thru #12 AWG) to 
455A giant (wires sizes #4 AWG 
thru 600OMCM). 


Flat or dovetail base, 
surface or channel mount. 


Five contact types, for 
connecting terminated or 
unterminated wires 


Nylon, Polypropylene, and 
Phenolic housing materials, 
to suit every application. 


Up to 288 circuits in 6 feet 
(center spacings of 4” 
to 2%”). 


Most block sizes UL 
Recognized and CSA 
Listed; UL Listed 
contacts available. 


Complete selection of 
special- purpose types, 
accessories for every size. 


In short, we make and sell more 
terminal blocks — and more kinds 
of terminal blocks — than anybody 
else ... BUCHANAN® terminal blocks 
.- available everywhere. 


This information-packed, profusely 
illustrated catalog (including full- 
scale dimension drawings for easy 
reference) gives complete details on 
all of the standard BUCHANAN line. 
Use the reader service card for your 
copy or phone/write: 

Amerace Corporation, 

Control Products Division, 

2330 Vauxhall Road, Union, 

New Jersey 07083; 

phone (201) 964-4400. 


CONTROL PRODUCTS 


DIVISION 


Getting it Together and Keeping it There 
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printer and software-development 
costs. Thus, manufacturers of 
stand-alone, general-purpose intelli- 
gent terminals will compete with 
one another as well as with wC 
vendors. (Commercial wC systems, 
however, usually communicate with 
larger computer systems and sell 
for less than intelligent terminals 
with similar software, memory and 
off-line storage.) 

Manufacturers of intelligent ter- 
minals for distributed-processing 
applications will find themselves 
competing as system vendors rather 
than terminal vendors. Datapoint, 
Four-Phase, Northern Telecom and 
others will face minicomputer 
manufacturers such as DEC, 
Honeywell and Hewlett-Packard 
rather than mainstream terminal 
firms. And as 16-bit wCs are used 
more frequently in intelligent termi- 
nals, those terminals will become 
even less distinguishable from minis 
and small business systems. 

Proprietary operating systems, 
communication interfaces and other 
software will keep prices for such 
intelligent terminals high, and their 
manufacturers will have to offer - 
field service, extensive peripheral- 
software support and flexible leas- 
ing arrangements to remain com- 
petitive with minicomputer firms. A 
solid intelligent-terminal-firm com- 
mitment to distributed processing 
will thus amount to that firm’s 
leaving the terminal industry and 
entering the minicomputer 
industry. EDN 


Need 
to Know? 


EDN’s advertisers stand ready to 
provide you with helpful design in- 
formation and other data on their 
products. Just circle the appropri- 
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent, contact advertisers 
directly, and mention EDN. 


EDN: Everything Designers Need 
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A full range of high resolution 
color monitors with 


FF-THE-SHELF AVAILABILITY 


Priced as low as $1175 


Aydin Controls has a complete family of RGB 
raster scan color video monitors available from 
inventory. These high performance color 
monitors are specifically designed for the 
display of computer generated text, graphics 
and image data. All Aydin displays come witha 
one year warranty and feature: high and ultra- 


high resolution CRT’s, high video bandwidth, 
long term convergence stability, modular con- 
struction, rack mountability, convenient control 
accessibility and simplified maintenance. A 
comprehensive list of options to meet any re- 
quirement is available. 


Leadtime Index active couponents 


PRODUCT eee PRODUCT #8 = >a 
DISCRETE SEMICONDUCTORS MEMORY CIRCUITS 
Diode, switching 2 4 = EPROM 3 5 = 
Diode, zener 1 5 = PROM, bipolar 3 4 . 
Rectifier, low-power 1 5 = RAM, bipolar 3 14 eS 
Rectifier, power 1 4 = RAM, CMOS 2 10 _ 
Thyristor, low-power 1 4 = RAM, 4k MOS dynamic 4 16 = 
Thyristor, power 2 7 = RAM, 16k MOS dynamic De ee 
Transistor, bipolar power 6 13 = RAM, 1k MOS static 4 16 = 
Transistor, bipolar signal 6 20 oS RAM, 4k MOS static 4 14 aa 
FET, power 5 12 = ROM, masked MOS 5 15 ~. 
FET, signal 4 10 _*  MICROCOMPUTER/MEMORY SYSTEMS 
Transistor, RF power 5 12 = C a 
. ore memory board a 9 
DISPLAYS IC memory board 2 9 
Fluorescent a (te = Interface board é gS. = 
Gas-discharge 1 12 = Microcomputer board 3 9 = 
Incandescent =) 8 eee MICROPROCESSOR IC’S 
wane 2 6 i. CPU, bipolar bit slice 3 14 <a 
Liquid crystal | 2 10 vane CPU, 4-bit MOS yi 12 ee 
Plasma panel See ee) CPU, 8-bit MOS Bae 
ELECTRON TUBES CPU, 16-bit MOS 4 14 = 
CRT, black and white TV 6 14 rae Peripheral chip 5 14 = 
con Vy § 1 ~*~ OPTOELECTRONIC DEVICES 
CRT, industrial 8 16 vase C 
oupler and isolator 7 14 BS 
neustlet power + we = Discrete light-emitting diode 9 19 = 
Light and image sensing 4 10 eis eiaiaaae sergeant __# ) 
Microwave power 9° 313 PACKAGED FUNCTIONS 
INTEGRATED CIRCUITS, DIGITAL _ Amplifier, instrumentation 7 ia. jam 
Amplifier, operational 2 9 . 
CMOS 4 10 = ie: 
. . Amplifier, sample/hold S 12 =. 
Diode transistor logic (DTL)) 6 12 @ a : 
Converter, analog/digital 5 9 ras 
Emitter-coupled logic (ECL) 4 16 <r Converter digial/anaiog 5 9 _ 
Low power Schottky TTL Do 27 Be eibettatutaredes.. a | c 
Standard Schottky TTL 6 § 18) =) PANEL METERS 
Standard TTL 6 -16 ° = Analog 103 982 oe 
INTEGRATED CIRCUITS, LINEAR I es oe 
Communications circuit 5 44 = POWER SUPPLIES 
Data converter 8 12 a Custom 15 18 = 
Interface circuit 6 15 = Enclosed modular fé 16 = 
Operational amplifier ; 3 = Open-frame module 11 18 <> 
Voltage regulator | 4 = Printed circuit 10 16 = 


Leadtimes are based on recent figures supplied to Electronic Business magazine by acomposite group of major manufacturers and 
OEMs. They represent the typical times necessary to allocate manufacturing capacity to build and ship a medium-sized order for a 
moderately popular item. Trends represent changes expected for next month. 
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Will the FCC put you ina 
cost-delivery crunch October 1? 
Not with Sierracin | "R 


ae 


don’t have to redesign around our 
2 yi switchers. Or add to your compo- 
eo a. a nent count. Or costs. And we did 


ee Cee Bet | Unless computer and it without increasing our prices. (At 
BS peripheral OEMs like yourself can $45, we still offer you the lowest 
meet acceptable input line con- priced switching power supply in 
ducted noise levels by October1, the industry. ) 
/ get be : the FCC won't let your equipment But anyone can play the num- 
es ee peters get out the door.” bers game with prices. What really 
2 That’s where Sierracin power counts is product performance 
systems can help. and reliability. And our cost-effec- 
Our complete line of switch- _ tive switchers and linears give you 
ing power supplies already com- both—the results of high quality 
plies with the new FCC rule. Fact control standards—from incoming 
me. is, we put a noise filter in so you parts inspection and testing to final 


power supply burn-in and on-the- 
shelf stocking for fast delivery. 
That’s what you can expect 
from Sierracin/Power Systems. A 
young, dynamic 6-year-old com- 
ee 6g pany that already leads the indus- 
a > *) try with the widest line of 40 to 
6 ee 500 watt open frame DC switching 
power supplies. 
“ , . See for yourself. Write for our 
>, a orn new 1981 Power Supply Catalog. 
a er Or dial our toll free number. 


**Eor details, ask for our free Question & a : 
Answer booklet, “The FCC and You" Sierracin/Power Systems 
800-423-5569 20500 Plummer Street, Chatsworth, California 91311 


In California, call collect (213) 998-6811. Telephone (213) 998-9873 
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FOR A CLEANER, 
BRIGHTER PICTURE, TRY A 
TUBE OF MITSUBISHI. 


And, combined with our ultra- 
fine pitched shadow mask, the 
gun system produces a picture so 
sharp, it actually encourages 
reading fine print. 

Another Mitsubishi inno- 
vation 1s our internal magnetic 
shield. It not only more 

efficiently eliminates exterior 
magnetic forces, but makes 
the unit much easier to 
service. Not to mention what 
the magnetic shield does for 
a purer image, in both mono- 
chrome and color. 
Mitsubishis complete 
CRT line includes high-resolution 
flying spot scanner CRIs. Fiber optic 
recording CRIs. High-precision display, radar 
and beam penetration CRTs. 


Mitsubishi cathode ray tubes will do For more information on a display that’s 
wonders for your image. worthy of your data system, call our Display 

Because each of our high-resolution Products Group at (213) 979-6055 (or in 
color CRIs actually discriminates among 64 New Jersey, call (201) 753-1600) or write 
distinct colors. Mitsubishi Electronics of America, Inc., 2200 


Our radar CRIs give your data systems —_ W Artesia Blvd., Compton, CA 90220. 
the kind of pin point clarity that assures pin Well pore show you a CRT for sore eyes. 
point accuracy. 

And our black and white CRTs differen- 
tiate between shades of grey. 

We begin with our own phosphors, 
specially developed for their brightness. They 
give our screens their notably short, or long 
flicker-free persistence. 

Our precision electron gun system 
insures that each beam is perfectly aligned 
with the shadow mask. 


2. MITSUBISHI ELECTRIC COLOR CATHODE RAY TUBES 
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Editor’s Choice: New Products 


Speech module generates 120 words 


Model M410 Speech Generator 
board uses a single-chip voice 
synthesizer to provide low-cost 
voice output for virtually any 
computer system. Measuring 
3.75x4x0.5 in., it includes the 
linear-predictive-coding (LPC) 
speech chip, a wpP, a clock, 
control logic and memory. 

You add the board to your 
system via a 20-pin flat-cable 
connector. Designing a parallel 
interface for it is easy: It looks 
like an 8212 parallel latch and 
buffer to the wC and runs on a 
5V power supply (225 mA typ). 

For S-100-bus systems, you 
can even choose a larger version 
(Model VR/S100) that plugs 
directly into any bus slot. 


The word’s the thing 


In four 32k EPROMs, the 
speech generator stores approx- 
imately 120 words and phrases. 
(Typical word packing puts 12 to 
20 words in a 16k memory or 25 
to 40 words in a 32k unit. ) 

The manufacturer supplies a 
basic vocabulary in one 32k 
EPROM and includes the digits 
one through nine and the words 
plus, minus, times, point, is, 
enter, repeat, error, what?, oh, 
thank you and goodbye. You also 
get pauses of 50, 100, 200 and 
400 msec, which allow you to 
pace the speech output and 
make it more intelligible. 

If none of these words suits 
your needs, you can choose (for 
an extra charge) from the 
manufacturer’s rapidly growing 
library of pre-encoded utteranc- 
es. And if the library doesn’t fill 
your needs, the firm will create 
the exact custom vocabulary 
you require for $200 per second 
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AW 410-003 


Speaking for nearly any »C system, the M470 speech generator provides all the 


duets i fad if | 


Watataie 


flexibility you need in a voice-response peripheral. 


of speech ($1000 minimum). 

If you choose to develop such 
a custom vocabulary, you can 
select among data rates ranging 
from 1200 to 1600 bps for 
low-quality speech and from 
2000 to 2200 bps for high-quality 
output. (The lowest data rates 
provide the largest vocabulary. ) 


Getting the words out 


You connect the M410’s audio 
output directly to an 80 
speaker. The board outputs 
0.2W and requires no additional 
circuitry for speech generation. 
You can even make the system 
speak on the telephone by 
connecting it directly over an 
acoustic coupler. | 

You address vocabulary words 


with an 8-bit parallel code. The 
on-board y»P accepts 54 bytes of 
selector codes, storing them in 
its internal RAM and thus 
acting as a FIFO buffer. 
If the buffer gets full, the 
board’s Ready line goes LOW, 
inhibiting the selection of new 
words until the buffer has room 
for them. Further, if you choose 
an invalid selector code, the »P 


ignores it and looks for the next. 


$95 (OEM qty); $185 (1-19) 
with basic vocabulary. 5-100 
VR/S100A version, $190 (OEM 
qty) with no vocabulary; $325 
(1-19) with the basic vocabulary. 

Speech Technology Corp, 
631 Wilshire Blvd, Santa Moni- 
ca, CA 90401. Phone (213) 
393-0101. Circle No 456 
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A LITTLE BASIC TRAINING 
FOR SMART MILITARY DESIGNERS 


The demands of military and avionics speci- 
fications put a lot of pressure on a designer. High 
quality, high reliability and high performance are 
a must, which is why you should know about 
Teradyne. 7 

Teradyne has become the leading supplier of 
tuning fork and blade backplane interconnection 
_ systemsby continuously )\e 
meeting the toughest per- [7 

_ formance standards. 

_ AS acompany, we are 
amitted to solving the oe 
hallenges posed by (= 
high per- (ja 


KS1025 contacts feature 
special contouring and 
smoothing to lower 
insertion force and opti- 
mize performance under 
vibration. 


milled aluminum panels or thick copper multi- 
layer PC panels, Teradyne can deliver. 

Our 51000 Series of aluminum backplanes are 
routinely produced with up to 20,000 contacts 
and more. They are ideal for applications requir- 
ing structural rigidity, high power dissipation, 
and high interconnect density and flexibility. 

Custom demands for unique contact patterns, 
complex milling and integrated voltage distribu- 
tion are the challenges our reputation was built on. 

‘Teradyne two-sided and multi-layer PC panel 
systems are designed for high speed and tight 


51000 multi-layer aluminum backplane for airborne radar system. 
tiffness and.interconnection density 


impedance control. Good news if you're dealing 
with advanced IC logic families. The KS1025 
Series features Dynamic Retention’‘press-fit 
compliant contacts for unsurpassed reliability 
and performance. *Pat. No. RE29513 


Both the $1000 and KS1025 Series can save 
you money, too. Thanks to the high performance 
and low cost achieved with Teradyne’s MISER 
LPG™ selective gold plating technology. 


VERSACON™ Headers. 


The other side (blade half) of the connection 1s 
handled by Teradyne’s VERSACON headers. 

Fabricated of rugged, lightweight aluminum, 
VERSACON completely outperforms molded 
headers. 

Teradyne pioneered the technology which 
permits us to manufacture VERSACON headers 
as long as 20 inches to the tightest tolerances. 

Other features you should know apoul are th 
special contact arrangement: re 
30% less insertion force 


your system budget. 
The list of those who 
have already chosen 
Teradyne fork and blade 
backplane systems Is a 
distinguished one. F-15, 
F-16, F-18, Tornado, 
AWACS, TRI-TAC, 
Wavell, Trident, Aegis 
and Patriot are popu- 
lated with Teradyne 
connection systems. 
You'll also find 
Teradyne on the new 
757 and 767 jet liners. 
So if you’re working with MIL-C-28859, . 
MIL-C-28754 or WS6157, or if you simply want 
the highest quality backplane systems in the : 
world, contact Teradyne. 
All the facts and a com 


Three row VERSACON 
header. Available in 2-,3-,and 
4-row 0.100”, 0.125”, and 
0.150” grid configurations. 
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Dual-redundant microcomputer system 
delivers fail-safe bumpless transfers 


A fail-safe processor for real- 
time process-control applica- 


tions, Model DRS2102 dual- 
redundant wC system executes 


a bumpless transfer between its 
primary and secondary comput- 
er boards in the event of a 
primary-unit fault. The dual 
redundancy improves computer 
availability (eg, percentage of 
total time a system is up and 
operating properly) in applica- 
tions where loss of the computer 
can lead to costly or dangerous 
operating conditions. 

Cutover from a primary to a 
secondary control unit usually 
results in a temporary loss of 
control, shutdown or manual 
operation until secondary-unit 
initialization and on-line place- 
ment. But the DRS2102’s hard- 
ware/software design eliminates 
these problems by effecting a 
cutover in 5 to 10 pwsec—fast 
enough to keep up with high- 
speed processes. 


Dual boards do the job 


The DRS2102 comprises two 
identical ~C boards linked by 
buffers that don’t corrupt the 
receiving wP should either one 
fail. The linkage allows each wC 
board (A and B) to communicate 
continuously; thus, each board is 
always in the same state. 

Each board contains an 8085 
uP and 8k bytes of memory, 
consisting of static RAM for a 
real-time database and PROM or 
EEPROM for control firmware. 
Upon power shutdown, variable 
data goes to EEPROM or a 
separate 4k-byte core module. 

Also on each board are six 
addressable bidirectional I/O 
ports, three programmable tim- 


yt Lr 
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Two 8085-based .C boards combine to produce a dual-redundant controller that 
_ ensures proper operation of real-time process-control systems. When a fault occurs in 


one board, the Redundancy Manager operating system pulls it off line and switches in 
the second board, performing a fail-safe bumpless transfer. 


ers, interrupt inputs and an 
RS-2382C port. An expansion 
bus allows use of a 16k-byte 
static-RAM board and a 4k-byte 
core board. 

An external interface and 
display module contains status 
lights, numerical readouts and a 
hexadecimal keypad for manual 
access to the wC system. It 
operates via a control port on 
the wC system. 

Both wC boards function 
under control of the Redundan- 
cy Manager operating system. 
This OS checks critical variables 
in the application-program flow 
for proper response and validi- 
ty. If it detects a fault, it can 
retry on a nonfatal fault or 
activate the output selector to 
push the primary pC (board A) 
off line and switch the backup 
C (board B) on line. 


Because of the communication 
requirements between the A 
and B boards, the wC system 
does not employ an industry- 
standard bus (eg, STD, S-100 or 
Multibus). Instead, the manu- 
facturer has opted for a no-bus 
or direct handshaking version, 
simplifying system expansion 
and circuit operation. 

Packaged on two stackable 
6x8-in. pe boards, the pC 
System utilizes flat cable for 
interconnections. Accepting raw 
+8 and +16V de power, each 
board contains regulators for 
reduced common-mode noise. 

Operating over 0 to 70°C, the 
system costs $3250 (OEM qty) 
without software. 

Del Rey Systems Inc, 8929 
Sepulveda Blvd, Los Angeles, 
CA 90045. Phone (213) 641- 
4955. Circle No 457 
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TMS1000 products products 


microcomputer performance. 
At the lowest possible cost. 


TI’s TMS1000 Family can give your 
products the benefits of microcom- 
puter intelligence at a very low cost. 
More than 60 million TMS1000 
4-bit microcomputers are at work in 
many diverse applications — radios, 
home appliances, air conditioners, 
toys, clocks, microwave ovens, 
scales, POS terminals, smart ther- 
mometers and metering functions. 


Enhance your product 

With microcomputer intelligence, 
your product can respond or take 
action from a sensor or user input. 
A telephone that dials a preset num- 
ber on command. A scale that 
weighs, then calculates the price. 
TMS1000-enhanced products are 
faster. More efficient. More accu- 
rate. More reliable. And more cost- 
effective. 

Like your product, most TMS1000 
applications must be highly reliable. 
TMS1000 has an attained failure rate 
of 0.048%/1000 hours, based on 5 
years and millions of device-hours 


of operation. Also, using TMS1000 
instead of standard logic greatly re- 
duces system connections, a major 
source of malfunctions. 


Two new TMS1000 Products. 
For timing. For sensor input. 
The TMS1121 Universal Timer/ 
Controller can control up to 4 in- 
dependent functions with a total 


of 18 time settings. 

The TMS2100 Microcomputer 
offers an 8-bit A/D converter plus 
timed programmable interrupts, 
ideal for many industrial and ap- 
pliance applications. 


Design Flexibility 

The TMS1000 Family provides tech- 
nology and output options to closely 
match your application. Choose 
CMOS for very low power applica- 
tions, or PMOS. On-chip memory 
from 1K to 4K bytes of ROM, 128 to 
512 bits of RAM. Standard or low 
(9V) voltage can be specified. 


Development Support 

Let TI develop and test software for 
your application, or develop your 
own using TI development boards, 
systems and software. Our Regional 
Technology Centers provide courses 
in software and hardware design as 
well as design support. 

For more information on 
TMS1000 Family microcomputer so- 
lutions, send in the coupon O 
or call your nearest TI 
sales office or authorized 
distributor. 

TI Literature Response Center 7 

P.O. Box 202129 : 

Dallas, Texas 75220 


Please tell me more about the advantages of 
the TMS1000 4-bit, single chip microcomputer | 
family. | 


MY APPLICATION IS 


COMPANY 


| NAME TITLE 
| ADDRESS 


Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 


TEXAS INSTRUMENTS 


© 1981 Texas Instruments Incorporated 


INCORPORATED 
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Editor’s Choice: New Products 


General-purpose computer 
joins three processors in small package 


Combining three coprocessors— 
a 16-bit 68000 CPU, a second 
68000 for virtual-memory man- 
agement and a 6809 I/O proces- 
sor—the 68K Miniframe gener- 
al-purpose computer runs the 
Bell Labs UNIX operating 
system and operates at 12 MHz 
with no Wait states. 

The 6809 interfaces to all I/O 
devices on an interrupt-driven 
basis and interacts with the 
CPU through a sophisticated 
high-speed DMA channel using 
cycle stealing. The 68000’s DMA 
is daisy chained, with the 6809 
having the highest priority. 

The memory processor ad- 
dresses as much as 4G bytes of 
RAM through a virtual-memory 
management unit (VMMU). 
This processor, which connects 
the CPU’s address bus to a 
dynamic-RAM-array address 
bus, receives its control signals 
from the data bus. A modified 
least-recently-used page-re- 
placement algorithm provides 
demand-paged virtual memory 
in 16M-byte increments. 

Memory comes on dynamic- 
RAM boards that work with or 
without the VMMU. The boards 
connect to the CPU via a flat 
ribbon cable that terminates in 
dual-row 50-pin insulation-dis- 
placement connectors. You can 
configure the boards for as little 
as 128k bytes of RAM (using 
16k x1 RAMs) or as much as 2M 
bytes (using 64k x1 RAMs). 

Each byte of RAM has an 
associated parity bit that you 
can disable at the board level. 
An intelligent statistical-refresh 
method ensures refresh with 
maximum transparency. 

A 4kx16 high-speed associa- 
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A powerful 16-bit general-purpose computer in a small package, the 68K Miniframe 


supports multiple users with the Bell Labs UNIX operating system. 


tive memory furnishes the page 
map, and it is accessible within 
the last 1M bytes of supervisor 
data-address space. 


Many things to many users 


In multiuser and multitasking 
applications, the system main- 
tains both relocation and limit 
registers for each user. Hach 
version of the system works 
with either floppy or hard disks 
and provides six RS-2382 ports 
(through six ACIAs) capable of 
500k-baud transmission, plus 
four parallel ports (PIAs) con- 
sisting of eight bidirectional 
lines and two handshaking lines. 

A single-user UNIX-based 
Miniframe starts at less than 


$12,000 and comes with 256k of 
RAM, 2M bytes of 8-in. floppy- 
disk storage and the complete 
UNIX v.7 package including 
FORTRAN-77, the C language, 
BASIC, and text-processor and 
file-processing utilities. 

For multiuser systems, a 
typical configuration accommo- 
dates six or more users and 
comes with 512k bytes of RAM 
in a 16M-byte virtual space, 40M 
bytes of Winchester-disk stor- 
age and the UNIX package; it 
sells for less than $20,000. 

MicroDaSys Inc, 2811 Wil- 
shire Blvd, Santa Monica, CA 
90403. Phone (213) 829-6781. 

Circle No 458 
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YOU CAN USUALLY TELL WHEN THERE’S A 
NOISY POT IN THE CONTROL PANEL. 


Cermet and molded carbon panel 
pots can have a very noisy way of 
attracting attention. So Bourns devel- 
oped a quiet, smooth, durable alterna- 
tive: Our Bourns® 91/92 family of 56" 
modular conductive plastic panel 
controls. 

See for yourself by comparing the 


difference in CRV and rotational life. 


MATERIAL = CRV (Noise) ROTATIONAL LIFE 

2% max. CRV after 100K 
cycles. Useful life may go 
to 500K. 
Typically less than 100K 
cycles. 
Not guaranteed after 


*Conductive 1% max. 
Plastic 


*Cermet 2% or 


higher 
¢ Molded 


In addition, the price is competi- 
tive with the low cost of molded 
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carbon for industrial applications. And 
much lower than cermet. 

Terminals are in-line PC style on 
.100 inch centers. You can position 
them forward, back or down for verti- 
cal or horizontal board mounting. 
Choose from two bushing sizes, six 
tapers and three standard shaft 
lengths to %". Resistance values from 
250 ohms to 5 megohms. 

It’s a cost/performance combina- 
tion worth 
making lots 
of noise about. 

So let your 

fully stocked 
local distribu- 

tor hear from you. 


CIRCLE NO 36 


Or call us for more information. 
PRECISIONS/CONTROLS DIVISION, 
BOURNS, INC., 1200 Columbia Avenue, 
Riverside, CA 92507. 

Phone: (714) 781-5747. 

TWX: 910-332-1252. 


In Europe: Bourns AG, Zugerstrasse 74, 
6340 Baar, Switzerland. Phone: (042) 33-33-33. 
Telex: 845-868722. 


In Japan: Nippon-PMI Corporation, 

Haratetsu Building, 4-11-11 Kudan Kita, 
Chiyodaku, Tokyo 102, Japan. Phone: 234-1411. 
Telex: 781-27632. 


THERE IS NO EQUIVALENT. 
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Mini-floppy-disk formatter/controller family 
offers full features at lower cost 


Exhibiting all the features of 
their more expensive 179X 
relatives, 176X-family disk con- 
trollers are designed exclusively 
for mini-floppy use. All run at 1 
MHz and are compatible with 
the 179X units, which handle 
5V¥a- and 8-in. floppy drives. 
The line consists of four parts: 
the 1761, -63, -65 and -67. They 
cover all combinations of single- 
and double-density, true- or 
inverted-data-bus and single- or 
double-sided drives. Single-den- 
sity format is compatible with 
IBM’s 3740; double density, 
with IBM’s System/34. The 
parts can also use a non-IBM 
format for increased density. 
Designed for soft-sectored 
systems, the devices feature 
automatic track seek with 
verification, DMA or pro- 
grammed data transfers from a 
double-buffered 8-bit bidirec- 
tional data bus and eight control 
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Operating at 1 MHz, 776X: 


-family 5¥4-in.-mini-floppy controller chips are compatible 
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with 179X-family controllers for 5V4- and 8-in. drives. But they cost less—$25.30 (100) 


in plastic. 


lines for pP compatibility. 
Additionally, all inputs and 


outputs are TTL compatible, 


and as in the 179X family, two 
VFO signals are available. 

The devices output write- 
precompensation signals, allow 


NEXT TIME 


EDN’s September 30 issue will feature a 
Special Report on gate-array ICs, plus articles 
on a variety of additional topics: 
e Optimizing flash A/D-converter operation 
through the use of track/hold amplifiers 
e The theory and application of tone- 


decoder ICs | 
e The use of memory segmentation in 


Intel’s iAPX 432 32-bit uP 
_..andmuch more. Also look for Technology 
Update pieces on solid-state relays and 
voltage regulators, plus our regular Design 
Ideas and A Question of Law departments. 
You can’t afford to miss this issue! 


EDN: Everything Designers Need 
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window extension and incorpo- 
rate encoding, decoding and 
address-mark circuitry. In Read 
mode, they can either perform 
single- or multiple-sector read 
with automatic search or read 
the entire track. Likewise, they 
support single- or multiple- 
sector write with automatic 
sector search or can write the 
entire track for diskette format- 
ting. They accept 11 commands 
and feature on-chip track and 
sector registers plus compre- 
hensive status information. 

The devices are available in 
40-pin ceramic or plastic packag- 
es. Operating temperature 
spans 0 to 70°C, and power 
dissipation equals 600 mW max. 
Power-supply requirements 
stand at 5 and 12V. $25.30 in 
plastic, $36 (100) in ceramic. 

Western Digital Corp, Box 
2180, Newport Beach, CA 


92663. Phone (714) 557-3550. 
Circle No 459 
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TESTING.TE 


NOBODY CAN REDUCE YOUR oat ao BN] 


At GenRad, we have the most complete Testing RLC networks and 
line of reasonably priced high performance small PC boards: our 2230 will 
products for component testing anywhere. get you on-line weeks sooner. 
And when you combine that fact with our If you want to test packaged RLC net- 
experienced field service staff and expert works, sequenced parts on reels, or even 
applications engineers, it just stands to rea- components on small PC boards, you have 
son: nobody can reduce your component two choices: You can either do it with our 
testing costs better than GenRad. 2230, or you can do it with a rack- and- aisles 


system costing 
twice as much 
and lacking the 
necessary soft- 
ware. Of course, 
our 2230 will get 
you up and test- 


Plain-language keyboard speeds 
ing weeks sooner up programming 


than a setup of unmatched units. And our 

2230 is a complete system. Which means it 

Testing passive components: needs service from only one source. (And 
we automated RLC testing that source is the most thorougt 


1688 Precision LC Digibridge 


with the Digibridge’ tester. 

What do you need in an RLC tester at any 
level of testing? Accurate performance, 
right? What you don't need is an inflated 
price. 

That's why we give you four different 
Digibridge testers with four different perfor- 
mance levels in four different price ranges, 
beginning with our lowest priced 1657 Digi- 
maq bridge tester. The 

, 1657 is the most ac- 

FUNCTION curate instrument 
WAM CARRE you can buy for 
the money—with 
features even more 
expensive instru- 
ments don't have. 
P= Like 5-digit LED 
1657 resolution. And 
a microprocessor for automatic rang- 
ing and self-calibration. 

Now you know why nobody 
else comes close in numbers of 
RLC testers installed. 


in the business: GenRad). 

We also take care of operato. 

training and on-site 
installation. 


ant lest System 


Surprising flexibility 
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2230 Passive Newent Test Peueteree | 
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STING.TEST 


TESTING COSTS BETTER THAN GENRAD 


Testing ICs: our basic promise, 
immediate productivity, of course. 

We pioneered automatic benchtop testing 
over a decade ago. And today more people 
own GenRad benchtop testers than any 
other brand. 

The reason? Just look at our linear and 
digital IC systems. They’re both built with 
the kind of architecture found only in much 
larger test systems. And our compact sys- 
tems cost up to 75% less than the biggies. 

Our productive 1731 linear IC tester. 

[t offers something nobody else can: imme- 
diate productivity. Thanks to a large and 
proven program library, covering over 1,000 
different devices. The 1731 also has a built-in 
CRT and convenient and quick plug-in fam- 

ee ily boards for data 
convertors, voltage 
regulators and 
comparators, plus 
interfaces for all 
major handlers. 
Now you can under- 
stand why more 
people own a 1731 
than any other low cost linear IC tester. 

Our versatile 1732 digital test system. 
Not surprisingly, last year more engineers 
bought our 1732 than any other micropro- 
cessor-based digital IC tester. One good 
reason? Because the 1732 can test SSI, MSI 
and LSI devices, up to 48 pins. A lot of engi- 
neers figure that’s an insurance policy for 
the future. And they’re right. In addition no 
other system is quite so easy to program or 
to use as the 1732, which lowers your operat- 
ing costs. But then nobody understands test 
system software as well as we do. 


Displays pass/fail or complete 
parametric results 


Now, the ultimate test. 
We're convinced we can reduce your 
component test costs better than anyone 
else today. And when it comes to products 


Visit us at NepCon Central, Booth 232, September 22-24 


for the future, nobody is more 
committed to meeting your 
needs than we are. In fact, 
we re continually working 
on new, state-of-the-art 
systems to reduce your 
testing costs. After all, 
that’s how we got to be 
the “Best in Test.’ 

Now if you'll tell us : 
more about your prod- 4 


1731 Linear IC System and 1732 Digital IC System 
your component testing needs, we'll show 
you how you can reduce your cost to test. 
Call or write Frank Kelliher, GenRad, Inc. 
Component Test Division, 37 Great Road, 
Bolton, MA 01740. (617) 7779-2811 Ext. 303. 
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Send to: GenRad Inc., 37 Great Road, Bolton, MA 01740 
| I want to know more about reducing my component 
| testing costs. 
Digibridge’ Testers 17a 


| 

| 

| 

Send details on: | 
1732 Digital IC ‘Test System | 
| 

| 

| 


| Linear IC ‘Test System 


2230 Passive Network Test System 
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| Company 

| Address CT. 

| City State Zip 
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GenRad 


THE BEST IN TEST. 


CIRCLE NO 37 


System-tailored VFC’s 


cock O 


10 MHZ 


These VFC’s meet the tougher 
requirements of newer instru- 
mentation systems... providing 
true price/performance break- 
throughs... through innovative 
circuitry. 

For instance, 1 MHz systems 
can be upgraded with mini- 
mal redesign to operate at 
2 MHz...for two- 
fold improvement 
in resolution/ 
sample performance... 
at considerable cost saving. 


CPS 
PE <> 


The 
rmance acknowledged 


hybrids 


A family of 10, 5, and 2 MHz 
models is offered, with gquaran- 
teed non-linearities as low as 
+ 0.02% and gain temperature 
drifts as low as + 15 PPM/°C. 

These designs are available 
in both industrial and full 


military versions. 
DMC...the 


leader in voltage- 
to-frequency conver- 
sion...invites you to 
send for complete design data. 


Dynamic Measurements Corp. 
6 Lowell Ave., Winchester, MA 01890. (617) 729-7870. TWX (710) 348-6596 
Call our toll free number 800-225-1151. 
CIRCLE NO 38 


Editor’s Choice: New Products 


Low-cost development system 
operates over STD bus 


Providing a Z80 or 8085 CPU 
card that plugs into an STD Bus 
mainframe to simplify switching 
between devices, the Basis/80 
development system costs less 
than $10,000. Yet it includes the 
memory, control and in-circuit- 
emulation features of more 
expensive systems. 

Using the CP/M (Version 2.2) 
operating system from Digital 
Research Corp for disk-file 
management, the development 
system allows you to program in 
FORTRAN, BASIC, PASCAL 
or FORTH as well as assembly 
language. Development soft- 
ware includes a screen-oriented 
editor with menu-select options; 
the editor lets you examine 24 
lines of code and make changes 
or additions by positioning the 
CRT’s cursor and entering data. 

The system handles devices 
other than Z80 and 8085 types 
by means of cross assemblers, 
which feature full macro capabil- 
ity, cross-reference map, alge- 
braic-expression processor and 
link-file structures. 


In-circuit emulation 


Basis/80 includes in-bus- 
emulation capability for devel- 
opment of products designed 
around the STD Bus. An 
emulation card plugs into the 
target system in place of the 
Ssystem’s CPU ecard, giving 
system control to the Basis/80. 

Emulation allows you to 
debug hardware and software 
on the target system, which can 
address as many as 254 input 
and 254 output ports and 58k 
bytes of PROM or RAM without 
conflict with the emulator’s 
workspace. Emulation features 
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An STD Bus mainframe packs the hardware you need to develop software on the 
Basis/80 for Z80 and 8085 uPs. Cross software handles 8080, 6502 and 680X 
devices. 


include real-time execution of 
program code with breakpoints 
set for the occurrence of either a 
particular input/output instruc- 
tion or a memory reference to a 
single location within the target 
system. Additionally, program 
trace permits single-instruction 
execution and dumping of regis- 
ter contents to the CRT. 


Symbolic debugging 

You can also perform symbolic 
debugging of Z80 and 8085 
programs. You download exe- 
cutable object files for the other 
supported microprocessors 
through an RS-232C port to 
either a PROM programmer or a 
target system for debugging. 

The debugger allows you to 
set unlimited breakpoints and as 
many as eight passpoints, pro- 
viding a means of monitoring 
program flow through code 
sections and examining register 
contents. Other single-key com- 
mands in the debugger provide 
for altering memory, examining 


registers, 
contents, moving blocks of code 
and executing code. 

Basis/80 hardware includes a 
Z80 or 8085 CPU, PROM 
bootstrap, 32k to 58k bytes of 
RAM and 499k bytes of disk 
storage on dual 8-in. drives. You 
also get a 15k-baud memory- 
mapped CRT controller provid- 
ing a 25-line x80-character 


scrolling display, alphanumeric 


keyboard with cursor-control 
and numeric keypad and front- 
panel controls to reset or 
interrupt program execution 
and (via keylock) apply power to 
the mainframe. 

$6110 to $8405; a_ typical 
system, consisting of main- 
frame, disk drives, terminal, 
48k bytes of RAM and 182- 
column impact printer, costs 
$7495. 

Antona Corp, 13600 Ventura 
Blvd, Sherman Oaks, CA 
91423. Phone (213) 986-6651. 

Circle No 460 


displaying memory 
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DILOG 
TAPE COUPLERS | 
FOR STREAMING 
OR FORMATTED DRIVES 


The DILOG DQ130 and 
DU130 are pP based intelligent 
Y2" Tape Couplers for your 
LSI-11, 11/2, 11/23 or PDP-11 
computers respectively. They’re the only Couplers ¢ 
for standard start-stop or streaming mode operation 
e capable of handling 8 drives ® proven reliability and 
performance with an installed base in excess of 
1,000 units @ all on a single quad board that plugs 
into your CPU. 

If you intend using your streaming tape drive in 
a Standard start-stop mode and later wish to employ 
streaming mode for Winchester back-up, DILOG 
Couplers will handle both. You don’t need to change a 
thing. The Dilog ‘Backup/Restore’ stand-alone driver 
software will implement and support streaming 
operation. 

The ‘130’ Series can also accommodate two 
standard 2” formatted tape drives with three slaves 
each, or two stand-alone formatters that handle four 
drives each...9-track 800 bpi NRZI, 9-track 1600 bpi 
PE, or 800-1600 bpi dual density...with 7”, 8/2” or 
10%” reels and read/write speeds from 12.5 to 
125 ips and data transfer rates to 200,000 bytes per 
second. 


FOR DEC Ii" 


The Couplers emulate the 
DEC TM-11/TS-03 and you'll get 
full software compatibility with 
RT-11, RSX-11, RSTS, IAS and 
MUMPS. 

As for tape drive compatibility, both the DQ130 
and DU130 interface drives from the following 
manufacturers: 


AMPEX PERTEC 

CIPHER TANDBERG DATA (IDT) 
CONTROL DATA WANGCO (PERKIN ELMER) 
DIGI-DATA TDX 

KENNEDY EMI (SE LABS) 


To insure ease of maintainability & data integrity 
the Couplers incorporate an automatic self-test 
feature, with card-edge LED status indicator, and 
data protect feature. 

Write or call for complete details on the Coupler 
that lets you mix or match up to eight /2” tape drives 
for standard or ‘‘streaming’’ operation. 


Distributed Logic Corp., 12800 Garden Grove Blvd., 
Garden Grove, California 92643 Phone: (714) 534-8950 
Telex: 681 399 DILOG GGVE ¢ EASTERN REGIONAL 
SALES OFFICE, 64-A White Street, Red Bank, New 
Jersey 07701, Phone: (201) 530-0044. 

*Trademark Digital Equipment Corp. 


VISIT DILOG 
— AT SYSTEMS ‘81? 
a 636 BOOTH 57 
206... HALL 2 

U.S. SECTOR 
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DILOG 


DISTRIBUTED 
LOGIC (CORP 
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CIRCLE NO 39 


Editor's Choice: New Products 


Development system for Z80, 3870 
operates from time-shared host 


For use with a host computer 
(including time-shared units), 
the Radips development system 
provides software-development 
capability via that host plus 
hardware development and 
hardware/software integration 
via in-circuit-emulation mod- 


ules. It supports Z80s and 3870s. 


You install the $2995 Radips 
(Remote Access Development 
and Integration Microcomputer 
System) between a CRT termi- 
nal and the host via RS-232 
serial interfaces. While soft- 
ware development is performed 
on the host as usual, you can 
download programs to Radips 
for hardware debugging and 
software integration, using op- 
tional E Series AIM in-circuit- 
emulation modules. 

In Transparent mode, the 
CRT has its usual access to the 
host. In Local mode, Radips can 
perform self diagnostics and be 
set for any of 11 baud rates from 
50 to 9600. You can also set 
control characters in this mode. 

In Utility mode, Radips can 
run utility programs for such 
tasks as in-circuit emulation, 
printer handling and PROM 
programming. Debugging and 
integration routines are also 
available in this mode. 

Once AIM and user programs 
are downloaded to Radips, you 
can disconnect the host, saving 
time-sharing costs. However, 
the host’s file-management utili- 
ties are then not available. 

You can configure Radips for 
single or multiple-user environ- 
ments and connect several AIM 
units to one host for simultane- 
ous operation. This mode also 


Tied to your time-sharing or other host computer, the Radius development system, 


aids in the design of Z80- or 3870-based hardware and its integration with software. | 


or multiprocessor tasks. 
Radips comes with a host 
communications-software pack- 
age for DEC PDP-11 computers 
working under the RSX-11M 
operating system (Version 2.3 or 
later) or on DEC VAX-11 
systems working under VMS 
(Version 2.8 or later). 
Hardware includes a structur- 
al-foam cabinet, CPU/memory 
board and power supply. AIM- 


.Z80BE, AIM-7XE or future 


AIM modules, local PROM 
programming and local printing 
are optional. The cabinet’s 
processing compartment houses 


CPU/memory board, two AIM- 
module boards and two expan- 
sion slots. 

The CPU/memory board in- 
cludes a Z80 CPU, 64k bytes of 
RAM and four serial I/O ports: 
one dedicated to the user 
terminal, one to the host 
and two for the optional 


printer and PROM programmer. 


A translator is available to 
convert Tektronix 3870 and 
Intel hexadecimal object for- 
mats to absolute-binary form. 

Mostek Corp, Box 169, 
Carrollton, TX 75006. Phone 
(214) 323-6000. Circle No 461 


allows you to perform separate as many as five boards: the 
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It's not as hard as you think. 
Forget complex designs. And 
two-year waits. 

All you do is get your hands 
on the Intel 8088. 

And then leave the other 8-bit 
systems standing in your tracks. 
Without breaking the bank. 

Because the 8088 gives you 
two to five times the perform- 
ance of other 8-bit processors. 
For a whole lot less. 

In fact, at $14.10 for 100 pieces, 
75% less than last year. (Because 
high volume shipments are 
already pushing the 8088 down 
a super fast price curve. ) 

And about 20% less than you'd 
pay fora Z80 or MC6809 system. 

For some simple reasons. 

The 8088 runs at full speed 
with slower speed memories 


a 
& 
= 
& 
$ 
5 
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than you need for other 8-bit 
microprocessors. 

And about 1/3 less memory at 
that. Thanks to Its powerful instruc- 
tion set that helps you reduce 
the size of assembly language 
programs. 

Which together with the 8088's 
library of high level software 
(Pascal, CP/M, Basic and Fortran) 
should help you cut the other part 
of system costs. The part that's 
larger than hardware. 

But even though you're paying 
less, you'll be getting more. 

Like 1-megabyte addressing. 

Extra power for 16-bit number 
crunching. 

And faster string processing. 

Fact is, our recent benchmarks 
show the 8088 runs circles 
around a Z80A, Z80B or MC6809 
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How to break the 8: 


without 


when it comes to terminal and 
small business applications. 

But don't think you have to stop 
there. With any of our iAPX 88 
multiprocessor configurations, you 
can give performance an added 
boost—and still keep the cost 
and simplicity of an 8-bit system. 

For 100 times the through- 
out on number crunching, just 
choose the iAPX 88/20 system. 


Relative Performance 


Intel Zilog Motorola 
8088 Z80B MC6809 
(5 MHz) (6 MHz) (2MHz) 


Computer 

Graphics 1.0 OF 005 
16-bit 

Multiply 10 OF OS 
Block 

Move 10 075 O49 


Full details of these benchmarks available 
in the iAPX 88 Book. 
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bit performance barrier 
going broke. 


It combines the power of the Just clip this coupon and send | how to design iAPX 88 systems 
8088 with our 8087 numeric it with $5 to Intel Corporation, and a coupon good for one 
coprocessor. Literature Department, 3065 free 8088. 

Or if you're worried about Bowers Avenue, Santa Clara, CA Everything you need to start 
getting bound up in I/O. Dont. 95051. (Or call 408-987-8080.) | breaking through barriers — 
Select our iAPX 88/11 system We'll send you the book on without going broke. 
that speeds |/O processing three CmelENG40 


to five times by putting an 8088 
together with an 8089 I/O 
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processor. 

Then there's the fact if you ever P Nene . 
decide to make the jump to 16! yy, 
bits, you won't have to jump. The | | 
8088 IS 1 00% software com pati- | Com pany Europe: Intel International, Brussels, Belgium. . | 
ble with our 8086. | ee 

ee oe. 2. incase firnhon Beste Sees hanya Comeonatts 
should have to sell out your futu (S | Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. | 
to get the best deal on price/per- City ea ® d li | 
formance today. | elivers 

And to put you in the righttrame | state/Zip in solutions | 
of mind, we're ready to make ; EDNa6 | 
you an offer. ee ee ee 
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Radio Shack 


TRS-80 


POCKET 
COMPUTER 


Scientific 


SPECIAL REPORT 


ersonal 


Calculators 


Alphanumeric displays and keyboards and high-level-language 
programming combine in the newest hand-held machines. 


Jim McDermott, Special Features Editor 


Highlighting personal programmable scientific calcula- 
tors this year is the emergence of a new generation of 
hand-held machines featuring extended horizontal al- 
phanumeric displays and full-alphanumeric keyboards. 
Additionally, these calculators (some call them comput- 
ers) are programmed not in the efficient machine 
language associated with standard scientific calcula- 
tors, but in high-level BASIC. 

Offered by Radio Shack, Sharp, Casio, Panasonic and 
Quasar, the horizontally stretched machines feature 


Alphanumeric capabilities and BASIC programming characterize. 


programmable pocket computers. (Photo courtesy Radio Shack) 
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dot-matrix LCD screens that display 20 to 24 charac- 
ters. Furthermore, such alphanumeric displays are also 
appearing in new lower priced scientific programma- 
bles with 11- or 13-character readouts. 

Most familiar of the BASIC machines is the Radio 
Shack $230 TRS-80 Pocket Computer, which has been 
available for some time. Sharp, which manufactures the 
machine for Radio Shack, introduced it recently under 
its own label as the PC-1211 Pocket Computer. The 
dot-matrix display on both of these devices is remark- 
ably like that of Sharp’s EL-5100 (introduced in 
mid-1979), the first scientific programmable calculator 
into which a user could write alphanumeric formulas 
without first translating them into machine language 
(EDN, June 20, 1979, pg 97). The -5100’s display also 
prompts the user during program runs. (Actually, the 
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Keyboard configurations vary; 
units aim at typewriter ease 


-5100 is only pseudoprogrammable: It can’t handle 
independent subroutines or loops.) 

Although the EL-5100 and Pocket Computer displays 
can present 24 characters at a time, their display 
register holds up to 80. As you enter more than 24 
characters, the display scrolls off screen to the left to 
provide space for the new input. You can recall all 
characters, however, whenever needed. And when 
you're using angle and operational modes (Deg, Rad, 
Grad, Run, Pro, Reserve and Def), they are flagged by 


small segmented LCD characters at the top of the main 
matrix display. 

Other new hand-held computers have similar display 
characteristics. Casio’s FX-702P Programmable Calcu- 
lator displays as many as 20 alphanumeric characters, 
while the HHC (Hand Held Computer) from both 
Panasonic and Quasar shows a maximum of 26. (The 
HHC is marketed by both companies under their own 
brand names. ) 

Keyboard configurations in the new machines show 
more variety than the displays. The alphanumeric 
keyboards of the Radio Shack/Quasar units are laid out 
in typewriter-keyboard format, for example. No doubt 
the original idea was to pattern these keyboards after 
those of desktop computers, but the space allocated is 


performances (number of races, 


Statistical analysis is traditionally 
boring, even if you’re using a 
powerful statistical machine such 
as the Casio FX-702P. But four 
other statistical programmable 
calculators on the market guaran- 
tee to keep you wide awake— 
they’re all programmed to handi- 
cap thoroughbred horseracing. 
The four are Mattel’s $125 Horse 
Race Analyzer, APF’s $100 
Kel-Co Horse Racing Computer 
and Leisure Time Development's 
$50 Starshine Race Track Com- 
puters Il and Ill (the latter for 
international handicapping). 

If you’re a programmable-calcu- 
lator buff, you'll be very enthusias- 
tic about Mattel’s sophisticated 
machine. It’s the Hewlett-Packard 
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HP-41-equivalent in its class, pro- 
viding 20 data-input keys and 
requiring 31 entries for each horse 
in arace. As you input each factor, 
the calculators elaborate LCD 
prompts you to enter the next one 
in sequence. To obtain a sufficient 
Statistical base, Mattel advises 
using it only for races in which at 
least 60% of the 3-yr-old (or older) 
horses have at least five races in 
their past performances listed in 
the handicapper’s equivalent of 
EDN, the Daily Racing Form. 
Statistics called for on the 
Mattel Analyzer for each horse 
include purse, race, distance, post 
position, days since last race, 
races run since a 30-day (or more) 
rest, Current and previous years’ 


wins, places, shows and earn- 
ings), data on performance in the 
last three races and the two best 
speed ratings. Once you enter all 
this information, you press NEXT 
and repeat the process until 
you've completed it for all horses 
in a race. Then you press ANA- 
LYZE, and the display shows five 
numbers: the first two are post 
positions; the last three, rating 
numbers for the top horse. You 
record these numbers and repeat 
the procedure three more times 
until you've collected the five num- 
bers for the second-, third- and 
fourth-rated horses. 

At this point you’re on your own. 
If the computer ratings for the top 
four horses are widely separated, 


A sophisticated programmable machine requiring 31 inputs for each horse in a race, 
the Mattel Horse Race Analyzer includes an elaborate LCD that prompts the 
handicapper with the name of his next required entry. 
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nothing Fve said here | The simplest handicapping computer, from Leisure Time Development, requires 


only four entries to provide a_ rating. 
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so compressed that you can’t use them with both hands 
like a desk machine. It’s also confusing to pick out an 
alphabetic sequence in a word when you “hunt and 
peck.” And unfortunately, BASIC requires consider- 
able amounts of word entry. Casio, on the other hand, 
lays its keyboard out in a 5-row A-to-Z sequence, 
making it easier to pick out individual letters. 


Peripherals add capability 


All of the newer machines provide optional peripher- 
als. The Radio Shack and Sharp Pocket Computers, for 
example, furnish a $150 11X3.5-in. printer/cassette 
interface in which the calculators mount. The interface 
serves two functions: to provide an on-board printer 
and to allow the machine to interface with a cassette 


the selection seems obvious, but 
when they’re close together, you 
must input other factors (dis- 
cussed in Mattel’s instruction 
book) in the Daily Racing Form. 

Mattel claims that in a sample of 
500 races, the computer's top- 
rated horse finished first, second 
or third some 57% of the time. 
However, a limitation of the prod- 
uct is the time required to make all 
entries: For a 10-horse race, you 
must enter 310 inputs. 

To speed up selection, try a 
calculator such as APF’s Horse 
Racing Computer. The program- 
ming in this machine is adopted 
from a slide rule (the Kel-Co Class 
Calculator) first marketed in 1969. 
Running on a custom version of a 
Texas Instruments TMS 1100 uP, 
the APF machine’s program is 
based on the “principle of estab- 
lished class ratings” for thorough- 
bred racehorses. It assumes that 
a thoroughbred class is best mea- 
sured by the size of the purses for 
which a horse has successfully 
competed in the recent past. The 
calculator determines a horse's 
class rating as a function of the 
track on which the horse is run- 
ning and its finish positions and 
earnings (taken from past-perfor- 
mance charts in the Racing Form). 

The unit has four track keys 
(Ter-Tcs) and four finish-position 
keys (1st, 2nd, 3rd, 4th). Only 12 
or 13 entries are required for each 
horse to obtain an E/R (earnings 
rating). Specifically, a horse en- 
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Requiring six data inputs for each horse 
in a race, this APF Electronics machine 
computes established class ratings—a 
statistically proven handicapping method. 


tered in a race with a lower purse 
value than called for by its estab- 
lished class rating is a strong 
potential bet. On the other hand, a 
horse with a lower class rating 
than the purse size would indicate 
it is seldom a serious contender. 

The simplest handicapping cal- 
culator, the Race Track Il, picks 
winners by calculating a horse’s 
median average. Specifically, it 
requires that you input (from the 
Daily Racing Form) two median 


recorder for data storage and retrieval. 

The printer produces as many as 16 columns per line 
on small standard paper rolls. The special set of adapter 
cables supplied with the interface connects it to the 
recorder. Radio Shack recommends its CTR-80A 
recorder for automatic program control and transfer of 
information because other units might not interface 
properly with the cables. 

Casio’s $200 FX-702P also allows you to store and 
retrieve programs on tape and provide printer output. 
For those functions, you need the optional $50 FA-2 
adapter and the $90 FP-10 miniprinter (available next 
month). The FA-2 is not compatible with the firm’s FA-1 
adapter, which is used interchangeably with the older 
-502P and the new lower cost -602P. 


ratings from the results of the 
horse’s last three races: the speed 
rating and the horse's position at 
the finish. Then you need only two 
more inputs: the jockey’s weight 
and the specific speed rating of 
the horse’s last race. Only four 
data-entry keys are required: 
MSR (median speed rating), RC 
(race weight carried in today’s 
race); LSR (speed rating for the 
last race run) and PAF (median 
position at finish). Pressing an 
RSMR key then gives the horse's 
rating, which you can compare 
with those of others in the race. 

This 5-step procedure is fast 
and simple, and according to a 
testing-laboratory report, one of 
the three highest rated horses (in 
a 100-race sample) finished first 
55% of the time, or first, second or 
third 95% of the time. The highest 
rated horse finished first only 20% 
of the time. 

How do the pros view these 
computers? Says Tom Flanagan, 
author of Beat the Races (Arco 
Publishing): “Studying the [Daily 
Racing Form]...gives the op- 
portunity to apply [your] mind to 
something really worthwhile, be- 
cause predicting the winner of a 
horse race is an intellectual in- 
quiry of amazing depth and diffi- 
culty. Nowadays the PhDs and 
the mathematicians, armed with 
computers, are studying the rac- 
ing game, but they'll find out that it 
isn’t as easy aS making an atom 
bomb.” 
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Some units furnish extensive 
peripheral support 


When it comes to peripherals, though, Panasonic’s 
RL-H1000 HHC represents the most ambitious system- 
development program. Originally announced more than 
a year ago, it is now scheduled for delivery near the end 
of this year. 

Panasonic has embarked on an extensive program of 
providing support peripherals, the basic philosophy 
behind the RL-H1000 being to provide a portable 
business computer with the power of a desktop system. 
And although packaged in an attache case, the 
RL-H1000 is not intended to be a low-cost system: The 
HHC machine itself costs about $600, but when it’s 
configured with a full set of peripherals its price jumps 
to about $2500. 

Even though the H1000’s architecture is oriented 
primarily toward business users, the machine can be 
adapted for scientific or engineering applications with 


plug-in software modules. These 24-pin ICs plug into 
the H1000 main unit (it holds three) and add such 
specialized features as BASIC and/or scientific/engi- 
neering number crunching. Panasonic plans to offer 
approximately 12 of these specialized-application cap- 
sules within several months. 

As you might have guessed, the H1000’s generic 
operating system is not written in BASIC. Rather, it 
uses a language named SNAP, a derivative of FORTH. 
(A detailed description of the language and machine 
architecture appears in Byte magazine, January 1981). 
The firm chose SNAP because the language achieves a 
2:1 data-compression advantage over assembly lan- 
guage; thus, it’s fast running. Another factor in the 
language’s favor: It permits the machine to mate easily 
with a wide variety of peripherals. Panasonic proposes 
to offer 

@ An acoustic telephone modem for full- or half- 

duplex communication via public telephone lines, | 
spec’d at 110 or 300 bps and using asynchronous 
bit streams. Data is five to eight bits wide 
(selectable) and available with or without a parity 


A software club for pocket computers 


Publications of independent cal- 
culator-software clubs such as the 
PPC Club in Santa Ana, CA (for 
years publisher of a monthly PPC 
Calculator Journal devoted to 
Hewlett-Packard machines) and 
the Tl Programmable Calculator 
Club (regular producer of 7/ PPC 
Notes), are now joined by the 
Pocket Computer Newsletter 
(Seymour, CT). Appearing 10 
times a year, this newsletter 
chronicles developments and pro- 
vides program listings and com- 
mentary from subscribers. Al- 
though previous issues have 
given extensive coverage to the 
Radio Shack/Sharp Pocket Com- 
puters, the publication will also be 
passing on tips on the Panasonic/ 
Quasar HHCs and Casio FX-702P. 

All the publications contain a 
prodigious amount of valuable 
information. Members of the PPC 
Club and the Tl Programmable 
Calculator Club, for example, 
have produced and exchanged 
valuable software not available 
from the calculator manufacturers. 

Richard Nelson, founder of the 
PPC Club, reports that synthetic- 
programming efforts by members 
with HP-41C/CVs continues to 
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expand machine capabilities. With 
synthetic programming you dis- 
cover surprising new features that 
the designers of the original ma- 
chine never dreamed of. 

For example, one HP-club 
member has discovered that he 
can produce 83 display characters 
rather than the 59 alphanumeric 
characters and symbols described 
in the owner’s manual. And anoth- 
er member, astrophysicist William 
C Wickes, has produced a superb 
example of synthetic program- 
ming. When the -41C is digesting 
a problem, it lets its user know it’s 
alive by propelling a cartoon 
“goose” from left to right across 
its display. Wickes has not only 
gotten a goose to face back- 
wards, but also fly backwards, 
shed droppings, flap its wings, 
stream by in flocks of as many as 
nine and even collide head on with 
its factory-hatched predecessor. 
( Wickes is now an HP employee.) 

Other pending software-club 
developments include 4k and 8k 
EPROMs that will complement the 
HP-41C/CV’s 64k-ROM address- 
ing capability. And another proj- 
ect, initiated in August 1979 and 
now about to reach fruition, is the 


development of a programmer's 
ROM that contains 153 short, 
efficient routines that you can call 
up in writing programs. Some 
9000 of these ROMs, produced in 
collaboration with HP, have just 
become available to the mem- 
bers. The user's manual docu- 
menting the routines is 500 pgs 
long. For more information, con- 
tact Nelson. 

Maurice Swinnen, who runs the 
Tl Programmable Calculator Club, 
reports that members have dis- 
covered a Fast mode for the TI 59. 
In this mode, program execution 
occurs without calling the program 
into the display register. Bypass- 
ing this C register increases 
speed by a factor of two. Howev- 
er, the price you pay is that 
everything must be directly ad- 
dressed; you can’t use labels. 

Another new discovery submit- 
ted to the TI club from an over- 
seas member is an expanded 
Graphics mode that allows you to 
address all of the individual dots of 


the thermal-printer dot matrices. 


Use of this graphic programming 
provides control of some 300 
character and symbol variations. 
For information, contact Swinnen. 
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check. The 5V power required comes from the 
HHC mainframe. 

@ A programmable CMOS memory protected by an 
internal battery backup. It has a standard 
capacity of 4k bytes and is expandable to 8k. 

e@ A capsule-extender interface that allows you to 
connect four ROM capsules in addition to those 
already in the HHC. Each capsule can provide as 
many as 128k bits. 

@ A 5x8 dot-matrix thermal microprinter with a 
16-character column width. 

@ An RS-282C serial interface using 5- to 8-bit 
asynchronous data and ASCII. Data-transfer 
rates are standard, ranging from 110 to 9600 bps. 

@ An I1/O-driver unit that allows you to connect as 
many as six peripheral units through a 44-pin 
edge connector in the HHC main unit. (You can 
connect only one without the I/O adapter.) 

@ A cassette adapter that allows you to attach two 
recorders spec’ing transfer rates of 1200 bps. 

e A TV adapter, termed a video RAM, that 
interfaces with a color TV—either indirectly 
through an RF terminal or directly to the video 
signal. With it you can display 16 lines of 32 
alphanumeric characters using a 5<7-dot matrix. 
Other graphic display modes are also available. 

Despite the HHC’s extensive capabilities, though, its 

intrinsic calculating capability comes from a simple 
4-function calculator with only percent and memory 
features. But for mathematical applications, an 8k 
capsule that converts the machine to Microsoft-BASIC 
operation will be available. It will provide all the 
trigonometric and scientific functions that BASIC 
offers. (The Microsoft BASIC in the HHC is a full 
BASIC language equal in power to that of the Apple II, 
Panasonic says. ) 


Back to BASICs 


Simpler in scope than that of the Panasonic machine, 
the Radio Shack and Sharp Pocket Computers’ BASIC 
capitalizes on the machines’ use of an on-board 
calculator chip as well as a processing chip. With these 
chips, the machines can provide trigonometric func- 
tions and their inverses; natural and common logs; 
natural antilogs; square roots; decimal-to-degree/ 
minute/second conversion (and its inverse); and inte- 
ger, signum and absolute-value functions—all keyboard 
accessible in BASIC. 

Interestingly, the Integer function in these machines 
converts a displayed positive nonintegral value to the 
next lowest integer, which is what you’d expect. 
However, for negative numbers you'll be surprised to 
find that unlike the case with most other standard 
personal scientific calculators, taking the integer func- 
tion of —2.45 produces —3 rather than —2. In the same 
vein, you can raise a number to a power with simple 
BASIC commands, but you can’t take the yth root of x 
without using a special subroutine. Close examination 
shows that Radio Shack and Sharp have sacrificed 
several other functions included on most powerful 
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A full-alphanumeric dot-matrix display capability is designed into 
the Casio FX-602P (a). Both upper- and lower-case characters are 
available in its set of 86 keyboard-accessible letters, numbers and 
symbols (b), which get displayed 11 characters at a time. 


An ambitious effort to produce an extensive system of peripherals 
and a capable hand-held computer, Panasonic’s RL-H1000 is aimed 
at business use. 
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Is BASIC best for extensive 
calculations? 


scientific machines in favor of the convenience of 
BASIC (see box, ‘Who needs BASIC?‘). 


Swap program steps for data storage 


An interesting feature of the Radio Shack/Sharp 
Pocket Computers is a variable program memory of 
1424 steps max and a fixed data memory of 26 registers 
(A to Z). A 16-stage function stack and an 8-stage data 
stack, both transparent to the user, temporarily store 
instructions and data for processing. However, you can 
call upon unused program memory to store data; hence, 
the memory is designated “flexible.” 

These machines also provide a very useful feature in 
- their ability ’to tell, at any time and in any operating 
mode, exactly how many program steps and registers 
are available for data storage. When you key ina MEM 
command and then press the Enter key, XXXX STEPS 
YYY MEMORIES appears in the display. (However, 
the readout does not include the 26 data registers 
(seven characters per register) that store sequences of 
characters, including letters, blanks, numbers and 
special symbols. This MEM ENTER command works 
in all four of the machines’ operational modes: Pro 
(program), Run, Def (definable) and Reserve. 


Pro and Run are typical operational modes used for 
writing and running programs. Def and Reserve, on 
the other hand, exhibit powerful new features. One is 
the ability to assign just one key for a function or for an 
entire program that you use frequently. 

Eighteen keys (A, 8, D, F, G, H, J, K, L, =, Z, X, C, 
V, B, N, M, SPC) can be reserved for a particular 
function (or program), and once reserved, they are 
available for both manual calculations and programs. 
Forty-eight program steps are allocated for the reserv- 
able keys, and if the contents of the key allocations 
exceed 49 steps, the machine signals an error. You can 
readily check the assigned keys by reviewing them in 
Reserve mode. You can also assign programs to any of 
the 18 keys in Pro mode and execute them in Def mode. 

The Panasonic/Quasar machines’ programmable-key 
capability is less extensive than that of the Radio 
Shack/Sharp calculators. The HHC machines are limit- 
ed to three special assignment keys (f1, f2 and f8) that 
you can allocate to any sequence of keystrokes, 
including most function keys. Pressing one of these 
keys produces the sequence of operations assigned to 
it. The keys find use in SNAP and BASIC programs. 


Debugging made easy 

The Radio Shack/Sharp machines use a DEBUG 
command in Run mode and a LIST command in Pro 
mode, along with the Step Forward ( ‘} ) and Step 
Backward ( # ) keys, for program debugging and 


COMPARISON OF BASIC-LANGUAGE FEATURES 


RADIO SHACK/SHARP 


FEATURES 


POCKET COMPUTERS 


CASIO FX-702P 


COMMANDS/STATEMENTS 


CASSETTE CONTROL 


RUN, NEW, MEM, LIST, CONT, CLEAR, 
INPUT, PRINT, PAUSE, USING, LET, 
STOP, REM, BEEP, FOR, TO, STEP, 
NEXT, GOTO, GOSUB, RETURN, IF, 
THEN, AHEAD 


CSAVE, CLOAD, CLOAD?, PRINT#, 
INPUT#, CHAIN 


OPERATIONS +,-,*,/,(),>,<,>=, 
Ss. = 

FUNCTIONS SIN, COS, TAN, ASN, ACS, ATN, 
EXP, LN, LOG, INT, ABS, \v/, 
DEG, DMS, SGN, DEGREE, RADIAN, 
GRAD, 1, A, % 

VARIABLES AZ, A( ), A$~Z$, A$ ( ) 

OTHER ‘qn © 4 

NOTE: 


RUN, VAC, LIST, DEFM, INP, PRT, 
WAIT, FOR, TO, STEP, NEXT, IF, THEN, 
GOTO, GSB, RET, SET, STOP, END, 
PASS, LIST V, LIST ALL, CLR, 

CLR ALL, DEL, LEN, MID 


SAVE, SAVE ALL, LOAD, LOAD ALL, 
PUT, GET, VER 


5 yd ly os, &, 

#, — 

SIN, COS, TAN, ASN, ACS, ATN, HSN, 

HCS, HTN, AHS, AHC, AHT, EXP, LN, LOG 
INT, FRAC, ABS, SQR, RND(, DEG(, DMS, SGN, 
RPC, PRC, RAN#[DEGREE, RADIAN, GRAD]’, 
mt, (X)!, t (STATISTICS): MX, MY, 

SDX, SDY, SDXN, SDYN, LRA, LRB, COR, 

EOX, EOY, CNT, SX, SY, SX2, SY2, SYX. 


A~Z, A( ), A$~Z$, A$ ( ) 


ere ae a 


“DEGREE, RADIAN AND GRAD ARE NOT WRITTEN IN AS WITH RADIO SHACK/SHARP 
MACHINES BUT ARE SELECTED USING A MODE KEY. 
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The printer cradle for the TRS-80 Pocket Computer also serves as 
an interface to a cassette recorder that preserves programs on tape 
or loads them into the machine. 


Full keyboard labeling of BASIC statements and math functions 
along with single-key entry of both make this Casio FX-702P 
programmable calculator easy to use. 


editing. The DEBUG function executes a program one 
line at a time, verifying not only the calculation, but 
also the instructions for it. LIST calls up the program, 
beginning with the first step, and you then step 
through it using the Step Forward key. Alternatively, 
you can call out a particular line number and go 


Who needs BASIC? 


Like the controversy that raged a few years ago 
debating the merits of reverse Polish notation vs 
algebraic notation, a new one questions whether 
BASIC is an effective language for scientifical and 
mathematical programming. The results of the 
debate aren't yet in. 

BASIC is oriented toward data and information 
processing, and it uses a conversational language 
for its inputs. On the other hand, the calculator user 
who is programming extended numerical computa- 
tions wants to concentrate on the intricacies of the 
solution; that is, he wants action, not words. 
Additionally, BASIC reduces the amount of memory 
space available for data storage and manipulation 
because a large amount of the machine memory 
gets used up in handling the language-compiler 
chores. For example, one designer tried a filter 
program on his Radio Shack TRS-80. He found that 
there was insufficient memory for that program in 
the TRS-80, but he was able to fit it into a TI 59 in 
about half that machine’s memory space. 

BASIC is, nevertheless, an easy-to-use language 
and has some advantages. And in minimizing the 
workload of inputting BASIC, Casio’s FX-702P is 
superior to the other BASIC machines because 
Casio designers have merged the codes not only for 
the scientific and math functions, but also for BASIC 
statements. Thus, one key entry gives you both the 
math function and the BASIC statement. In fact, the 
resulting operation is very close to that of a standard 
scientific programmable calculator. 
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backward or forward from there. By the same token, 
you can readily list programs via the printer. | 

To edit and merge programs stored on magnetic 
tape, you merely transfer them into the Pocket 
Computer, perform the necessary operations and then 
transfer them back onto the tape. Radio Shack plans to 
expand its current software library of tape-cassette 
programs over the next few months. 


Casio packs the most math power 


The most powerful math capability of the currently 
available horizontally stretched hand computing ma- 
chines resides in Casio’s FX-702P. Although pro- 
grammed in BASIC, this machine offers several 
functions not usually found in that language. Indeed, it 
has all of the functions of the Radio Shack/Sharp Pocket 
Computers and several others besides (table). For 
example, you get hyperbolic and inverse hyperbolic 
functions, fractionalization (FRAC—removal of the 
integer part of a number), coordinate conversions from 
rectangular to polar and vice versa, a round-off feature 
(ROUND), a random-number generator (RAN#) and X 
factorial (X!). In addition, the -702P has 17 prepro- 
grammed functions for statistical analysis, nine of 
which are single-key accessible, with the other eight 
requiring 2- or 3-letter inputs. 

The -702P also features an excellent man-machine 
interface. For example, the surface of its keyboard’s 
alpha section is loaded with information that guides you 
when you enter either math functions or BASIC- 
command statements. 

This information appears in the form of three types of 
key inscriptions associated with 28 of the 35 alpha- 
section keys. The first is the letter, punctuation mark 
or BASIC symbol that’s on the face of the key itself. 
The second is the BASIC mnemonic for the math 
functions, printed in red just above the keys. The third 
is a BASIC command printed in blue, just below the 
keys. You gain access to the red functions (SIN, COS, 
TAN, etc) by first pressing a red F1 shift key, and you 
call up the blue statements (FOR, TO, STEP, GOTO, 
etc) via a blue F2 shift key. 


er 
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Swap space between program and 
data storage as needed 


You can enter BASIC functions and statements either 
the hard way—by spelling them out on the keyboard— 
or the easy way—by using the red or blue shift keys 
and then pressing the key at which the red or blue 
function or statement is located. The latter approach is 
not only easier, but with all of the BASIC information 
spelled out in front of you, it helps shorten the learning 
period each time you press a key and reinforces the 
lesson each time you use the machine. You learn fast! 

The FX-702P sports a program capacity of 1680 steps 


and 26 A to Z data registers. However, in a manner 
similar to that used in the Radio Shack/Sharp machines, 
you can convert program steps to data registers in 
groups of 10 registers, with each register taking eight 
program steps. Therefore, if the number of data 
registers is increaseed to a maximum of 226, the 
program steps decrease to a minimum of 80. 

A DEFM (blue) command expands the data-memory 
bank, but should an insufficient number of program 
steps be available for the call, an error message appears 
to protect programs already written. Backup power for 
all registers and program memories prevents loss of 
data and program information. 

Casio has carried over the efficient program-control 
architecture of the older FX-502P (EDN, June 20, 
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Battery life up, battery life down 


In the days of LED-display calcu- 
lators, an annoying problem was 
the constant care required by 
rechargeable NiCd batteries. 
Then along came CMOS and 
LCDs, and battery drain dived to 
permit an unheard-of but very 
welcome 1000 hrs or more of 
continuous use with silver-oxide 
button cells. As a result, you could 
forget the battery for a year. 
But the battery tide is shifting 
again: Battery life has decreased 
in the new hand-held computing 
machines. The Radio Shack/ 
Sharp Pocket Computers, for ex- 
ample, use a 5.4V source of four 
Type 674 mercury cells and 
achieve an estimated operating 
life of 300 hrs. Casio’s FX-702P 


The rising cost of silver is pressu 


employs two CR2302 3V lithium 
cells, providing an expected life of 
200 hrs. And Casio’s FX-602P, 
successor to the 1000-hr FX- 
502P, uses the same two CR2302 
cells but achieves an expected life 
of 500 hrs with the FA-1 adapter. 

The Panasonic and Quasar 
HHC main units, meanwhile, sup- 
ply power to most of their periph- 
erals and as a result require five 
NiCd rechargeable cells. Addition- 


ally, the thermal printers for the 


calculators discussed in this arti- 
cle also use rechargeable NiCd 
batteries because of their relative- 
ly high drain. 

The silver-oxide cells’ high cost 
has created an expanding interest 
in designing new calculators and 


substitute mercury, | 


manganese-dioxide or lithium cells for a wide variety of these silver cells from Union 


Carbide Corp. 


other electronic devices around 
manganese-dioxide cells, accord- 
ing to Gilbert Merritt Jr, manager 
of battery engineering at Union 
Carbide. Alternatively, some cal- 
culator manufacturers approve 
the substitution of these alkaline 
manganese cells for the silver- 
oxide units in their machines. For 
example, Sharp calls for either 
three LR44 manganese-dioxide 
cells or three G13 _ silver-oxide 
cells in the EL-5103. (However, 
note that the LR44s provide only 
about 450 working hours, com- 
pared with 1400 for the G13 cells.) 
Considering the high price of 
silver-cell, replacement (on the 
order of $3.25 to $3.50), owners of 
other calculators might also be 
tempted to replace them with the 
Manganese cells instead. But 
Merritt warns of possible prob- 
lems if your calculator also has a 
Clock circuit. Specifically, although 
most calculator circuits operate 
down to 1V or less, such clock 
circuits have a higher cutoff volt- 
age. Additionally, although silver 
cells maintain a relatively constant 
voltage throughout their life, the 
voltage across manganese cells 
drops off gradually. Thus, with a 
manganese cell, the clock circuits 
stop working before the calculator 
quits. As a result, Merritt suggests 
staying with the silver cells if you 
own a cClock/calculator; they’re 
more cost effective anyway. 
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1979, pg 97) into the -702P. For instance, you can assign 
10 program keys (PO to P9) as labels for as many as 10 
programs or subroutines. Additionally, you get trans- 
parent stacks for 10 levels of subroutines, eight levels 
of FOR-NEXT loops, 10 levels of temporary storage for 
numerical values and 20 for calculation elements. 

Program checking and editing occur through LIST 
and TRACE commands, as well as with a special 
DEBUG command that specifies the type of error in a 
specific line of the program. To check and edit 
- programs in Run mode, a LIST command automatically 
steps through the program, dwelling about 2 sec on 
each line in sequence. In Wrt mode, a LIST command 
allows you to step through the program one line at a 
time using the Exe key. 

Unfortunately, the machine has no Backstep key. To 
accomplish this function, you must clear the line from 
the display and reinsert a LIST command with the 
desired line number. 

The -702P also provides a useful feature that shows 
you which of the 10 program areas contains information 
and which are available for programs. For example, 
assuming that Pl, P3 and P7 store programs but the 
remaining areas are free, if you initiate the Wrt mode, 
the readout displays READY PO: 0.2. 456 89. Addition- 
ally, the number of program steps available appears in 
a small 4-digit display at the far right of the screen. As 
programming proceeds, the number displayed decreas- 
es with each step used, thus providing a constant check 
on space available for program or data allocation. 

As an added feature, the -702P accepts prepro- 
grammed ROM cartridges to extend its programming 
capabilities. The firm expects to offer 10 such cartridg- 
‘es by the first of next year. 


Calculator manufacturers and additional 


Leisure Time Development Corp 
1931 Mott Ave 

Far Rockaway, NY 11691 

(212) 327-1119 

Circle No 659 


APF Electronics Inc 
1501 Broadway 

New York, NY 10036 
(212) 869-1960 
Circle No 655 


Mattel Electronics 
5150 Rosecrans Ave 
Hawthorne, CA 90250 
Circle No 660 


Canon Inc 

10 Nevada Dr 

Lake Success, NY 11040 
(516) 488-6700 

Circle No 656 
Panasonic Co 

1 Panasonic Way 
Secaucus, NJ 07094 
(201) 348-7000 
Circle No 661 


Casio Inc 

15 Gardner Rd 
Fairfield, NJ 07006 
(201) 575-7400 
Circle No 657 


Quasar Electronics 
9401 W Grand Ave 
Franklin Park, IL 60131 
(312) 451-1200 

Circle No 662 


Hewlett-Packard Co 
1000 NE Circle Blvd 
Corvallis, OR 93770 
(503) 757-2000 
Circle No 658 
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sources of programmable-machine information 


For more information on personal scientific calculators and related products and activities, contact the following 
manufacturers or software clubs directly or circle thé appropriate numbers on the Information Retrieval Service card. 


The FX-702P lets you protect your programs by 
providing the ability to assign passwords or code names 
to them. When you don’t want others to know a 
program’s contents, or if you don’t want anyone else to 
change a program, you assign to it a scrambled code 
word of as many as eight letters, numbers or symbols. 
These passwords are effective for each program and are 
attached only to P0-P9 programs. 

You would use the following format to attach a 
password, enclosing the password in quotes: 


PASS “#$” EXE 
PASS “GLUBZ” EXE 
PASS “AZ-1” EXE 


You can clear the password by clearing the entire 
program or by reinputting it. When checking a 
program, if you input a password following LIST, it is 
temporarily canceled for that LIST command. 


Older calculators are improved 


Overshadowed by the interest in the new BASIC 
hand-held machines are two other new scientific 
alphanumeric programmables that use machine lan- 
guage: Casio’s FX-602P and Sharp’s EL-5103, both 
updated versions of earlier machines. 

The -602P includes upper- and lower-case letters in 
its 86-character/symbol dot-matrix display repertoire. 
But because it’s packaged in a more conventional 
vertical design, it can display only 11 characters at a 
time. However, all input commands are written on the 
display, simplifying program checking, correction, 
addition or deletion. The -602P, an improved version of 
the well-known -502P, plugs into the same FA-1 
cassette adapter; thus, you can load -502P programs 
into the -602P from cassette tape. Although the 


Radio Shack 

(Att L Halley) 

1300 One Tandy Center 
Ft Worth, TX 76102 
Phone local store 
Circle No 663 


Union Carbide Corp 
Battery Products Div 
270 Park Ave 

New York, NY 10017 
(212) 551-4276 
Circle No 667 


Software Clubs 


Pocket Computer Newsletter 
Box 232 

Seymour, CT 06483 

(203) 888-1946 

Circle No 668 


Sharp Electronics Corp 
10 Keystone PI 
Paramus, NJ 07652 
(800) 447-4700 

Circle No 664 


Texas Instruments Inc 
Box 53, M/S 5842 
Lubbock, TX 79408 
(806) 747-3737 

Circle No 665 


PPC Club 

2545 W Camden PI 
Santa Ana, CA 92704 
(714) 754-6226 
Circle No 669 
Toshiba America 
82 Totowa Road 
Wayne, NJ 07470 
(201) 628-8000 
Circle No 666 


TI Programmable 
Calculator Club 
Box 710 

Lanham, MD 20706 
(301) 459-5458 
Circle No 670 
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Get.a $20 rebate 


on the 


I-59 Programmable. 


Even without the $20 State Software™ modules join our Professional Program 
rebate, the TI-59 is special and successfully attack Exchange for access to over 
—it’s our most powerful complex engineering, 2900 additional programs. 
programmable, and we’ve business, statistical and So if you like the idea of 
never offered it at a lower scientific problems. And by having real programmable 
price. adding the optional PC-100C —_— power, take us up on the rebate 


The TI-59 gives you up to printer, you can record your offer. Buy a TI-59 now, and fill 
960 program steps, orup to 100 calculations. Butifthat’snot out the coupon below. The offer 
memories, plus magnetic card enough, any TI-59 ownercan ends December 31, 1981. 
read/write capability. You can 


also slip in one of TI’s Solid TEXAS INSTRUMENTS 


INCORPORATED 


“Wow! 
Another good deal! ° 


©1981 Texas Instruments Incorporated ‘ 


I bought my TI-59 Programmable at 


(store Namie); a 
and have attached the dated sales 
receipt and completed customer infor- 
mation card (packed in box). My TI-59 
Serial No.is__ CSCS frcom 
back of calculator). Please send my $20 
rebate check to: 


NAME 


OY eas LIN ZIP 


Send to: Texas Instruments TI-59 Rebate Offer, 
P.O. Box 725 Dept. 59, Lubbock, Texas 79491. 


O° 
NOTE: Proof of purchase must be dated between August 1, 
1981 and December 31, 1981. Offer void where prohibited. Lh 


Offer good only in U.S.A. Rebate applies to purchases of 
TI-59 Programmable only. Items must be postmarked by 
January 15, 1982. Allow 30 days for delivery. Limit one per person/address. 
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Protect programs with 
special passwords 


converse isn’t true, the lack isn’t very important. 

The FX-502P’s keyboard is relatively unchanged in 
the -602P, except that Casio has added to the 
keyboard-face markings new letters and symbols that 
you can call into the display via the keys. You gain 
access to these new characters by putting the machine 
in Alpha mode, one of three new ones. (A second new 
mode partitions the data registers, and the third 
verifies partitioning upon demand.) 

You can transfer programs and data from the 
calculator through the FA-1 adapter and reload them 
using microcassette, standard cassette and open-reel 
recorders. And for the -502P music-lover owner who 
programs tunes on tape, the -602P extends the 
repertoire from 20 to 80 notes over three octaves. 

The F'X-602P doubles the size of the -502P’s program 
memory to 512 steps. All of these steps can divide into 
10 programs or subroutines by means of the PO to P9 
keys. Because of its highly merged codes, the -602P 
minimizes effective step numbers; thus, one step 
generally corresponds to one function. As a result, you 
can easily manage 3-dimensional equations, parentheti- 
cally nested numbers and other complex formulas. 

As in the -702P, the -602P’s 22 data registers can be 
increased to a maximum of 88 by transferring unused 
program steps to them. And with an algebraic hierar- 
chy similar to that of TI’s Algebraic Operation System, 
you can nest 33 levels of parentheses in the -602P. 

The FX-602P also provides the capability of designat- 
ing special-function keys. You can assign the PO to P9 
keys as labels for 10 programs and digits 0 to 9 as labels 
for unconditional jump (GOTO) destinations. As many 
as nine subroutines can be called in a main program 
using the GSB key followed by a Plto P9 key. 

Conditional jumps for X=0 and X=0 judge the 
display-register contents; X=F and X=F compare the 
contents of the X and MF registers. Two other 
conditional jumps (IDZ and DSZ) control repeated 
operations running in a loop. Indirect addressing 
designates a jump designation. 

The -602P has the same password feature as the 
-702P. And its calculating speed is higher than the 
-502P’s. For example, decomposing the prime number 
379721 into other primes requires 37 sec, compared 
with 1 min, 15 sec on the -502P. 

The other new machine-language-programmable cal- 
culator, Sharp’s EL-5108, furnishes a 18-character 
scrolling alphanumeric display. It’s a lower priced 
repackaged version of the EL-5100, which, as noted, 
set the format for today’s generation of pocket 
computers. The number of steps storable in the display 
register equals 80 for both machines, but data memo- 
ries are reduced from 10 in the -5100 to six in the -5103. 
You can input expressions with as many as 15 levels of 
parentheses and eight levels of pending operations in 
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A vertically styled wallet-type version of its| manufacturer's 
EL-5100, Sharp’s EL-5103 has a scrolling display of 13 characters. 
The display buffer can hold 80 characters, however. 


the -5103. 

Sharp has managed to package all 61 of the -5100’s 
scientific and math functions into the -5103’s more 
conventional vertically oriented 2.75 x5-in. form factor. 
Power drain is reduced: You get an estimated 1400 hrs 
of continuous use from three silver cells, compared with 
1000 hrs on the older machine. EDN 


Article Interest Quotient (Circle One) 
High 479 Medium 480 Low 481 


NEXT TIME 


EDN’s September 30 issue will feature a 
Special Report on gate-array ICs, plus articles 
on a variety of additional topics: 


e Optimizing flash A/D-converter operation 
through the use of track/hold amplifiers 

e The theory and application of tone- 
decoder ICs 

e The use of memory segmentation in 
Intel’s iAPX 432 32-bit uP 


...andmuchmore. Also look for Technology 
Update pieces on solid-state relays and 
voltage regulators, plus our regular Design 
Ideas and A Question of Law departments. 
You can’t afford to miss this issue! 


EDN: Everything Designers Need 


ystems. 


Hemenway’s MSP real-time 


system is an efficient and com- 

prehensive operating system 

for industrial or business use 
MSP Systems Software 

is easily adaptable to any 

hardware configura- 

tion. And because it’s 

designed to be exten- 

sible, you can mold 

your operating sys- 

tem to your needs 

by adding new fea- 

tures or modifying 

existing ones. 

Quickly and easily. 


You can also have macro assem- 


blers, text editors, floating point pack- 


ages, monitors, scientific packages, _ 
linking loaders, single-user operating 
2 and high-level languages. 
-the-shelf. 
For the hard facts on Hemenway 
software, write or call: 
Hemenway Corporation, 
101 Tremont St., Boston, 
MA 02108. Phone: 
617-426-193]. 
IW/X 710321 1203. 
TELEX 
921-735. 
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dd the FFT 


to your box of design tools — 


Implementing the fast Fourier transform and its inverse 
on your personal «C can increase your productivity. 


Robert H Cushman, Special Features Editor 


The three previous articles in this series have focused 
on how LSI and VLSI devices are allowing—even 
forcing—OEM design engineers to make greater use of 
number-crunching techniques. We’ve pointed out that 
number-crunching functions such as simulation, signal 
processing and numerical analysis will become com- 
monplace in all aspects of designers’ professional lives: 
They will be part of design analysis and laboratory 
testing and will be embodied in all sorts of products, 
from space-ship guidance computers to children’s 
talking toys. Here, we wind up our miniseries on digital 
processing by expanding on the subject of the last 
article (Ref 1): the fast Fourier transform (FFT) and its 
inverse (IFT). | 

These tools, implemented as algorithms on your 
personal computer, allow you ‘to switch between the 
time and frequency domains with minimal effort. They 
are particularly suited to personal-computer use be- 
cause, unlike the concepts in other areas of digital 
processing, they apply primarily to one design task. 
Once you have this task computerized as part of your 
disk- or cassette-based library of design-aid programs 
(Fig 1), you'll be able to use it throughout your OEM 
design work. 


Two FFT listings start you off 

The program listings for FFTs and IFTs shown in 
Figs 2 and 4 are only two of the many available. We 
have been running them for familiarization and thus 
know that they work. Note that each uses different 
symbols; we have retained the authors’ notation 
because we didn’t want to risk introducing errors. 

These programs, which come from Refs 2 and 3, 
consist of FFT and IFT subroutines callable from a 
main program. In Fig 2, the subroutine runs from line 
500 to 1060; in Fig 4, from line 3000 to 8228. The 
remainder of each program consists of short main 
programs that prepare for the use of the subroutines. 
They take care of such tasks as dimensioning the arrays 
to hold the data and defining the main parameters. We 
have written these main programs so they interactively 
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Fig 1—Personal Cs for an engineer’s use in design analysis 
need not be expensive. The author's system costs approximately 
$1000. It consists of a Rockwell Aim-65 C with 4k RAM ($600), an 
Epson Mx-80 printer ($400) and an audio cassette recorder ($50). It 
can run the FFT/IFT programs shown in Figs 2 and 4 with as many as 
128 points in about 50 sec. 


ask you for the necessary parameters and give you a 
painless way of learning about FFTs and IFTs. 

Note that in each case the same subroutine sérves for 
both the FFT (time domain to frequency domain) and 
the IFT (frequency domain to time domain). The only 
difference is a sign bit, which you set up by your choice 
of FFT or IFT at lines 11, 12 and 13 in 1 Fig 2 or lines 
102, 108, 104 and 105 in Fig 4. 

Both of the programs are written in Microsoft 
BASIC (to run on our Aim-65 »C). If your wC uses a 
BASIC other than the Microsoft version, you might 
have to make minor modifications in notation, but they 
shouldn’t prove difficult. Some of the textbooks on 
BASIC for Ps provide guidelines for such conversions. 
For background on the programs themselves, see Refs 
2 and 3; Ref 3, especially, gives a detailed explanation 
of FFT mechanics. 

The programs occupy approximately 1700 bytes of 
RAM; each array element requires an additional five 
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Two BASIC-programmed FFT/IFT 
algorithms provide experience 


bytes. These requirements limit us to 128-point trans- 
forms in our Aim-65, which has just 4k of RAM. It 
takes us approximately 50 sec to execute a 128-point 
FFT or IF T—far faster than the 1 hr a 128-point 
transform would take with the discrete-Fourier-trans- 
form (DFT) algorithm. 

Today’s typical personal wC has 8k or 16k of RAM 
and therefore should be able to execute FFTs and IF'Ts 
as large as most engineers would want—to 512 or 1024 
points. These larger transforms should take approxi- 
mately 5 or 10 min, respectively. (Actually, even for 
our shorter FF'l'’s and IF T's, we have found that the 
chore of entering the input data and the long wait for 
results printout become annoying when we attempt 
transforms with more than 32 points. For larger 
transforms, we assume that most engineers would want 
to incorporate automatic data acquisition and display 
the results graphically on a CRT. However, the 
programs as presented are adequate for their primary 
purpose—providing a vehicle for your initial self- 
education in FFTs and IFTs.) 7 


PRINT" £<7161X>3" 
PRTNT OOOO GIO IGOR OK! 
FRINT" FFT/IFT" 
FRINT" AFTER WAGGENER" 
TP Cecectcecrerse ss © a 
INFUT" DATE" 3 DAS 
INPUT "HR" s HRS 
INFUT"FWD-OR-INV"s ANS 
2 IF ANS="F" THEN D=0 
3 IF ANS="I" THEN D=1 
INFUT"M="3M 
= > ot, M 
PRINT" N="'sN 
2 DIM X(N,2 
IF D=O THEN PRINT" INFUT TIME DOMAIN DATA" 
IF D=1 THEN FRINT"INFUT FREQ DOMAIN DATA" 
9 FOR I=1 TO N 


PRINT'INPUT X("Is",0) X("Tg", 49" 
INFUT X(I,0),X(I, 1) 


D=0 THEN FRINT"TIME DOMAIN INFUT DATA ARRAY IS:" 
IF D=1 THEN PRINT“FREQ DOMAIN INPUT DATA ARRAY IS:" 
PRINT"POINT REAL IMAG" 
> FOR I=1 TON 
> PRINT Is" 
2 NEXT I 
GOSUBR S500 
PRINT’ /S/SS/SSSSSSSSISSSLLL 
IFD=O THEN PRINT"NOW IN FREQ DOMAIN!" 
. IF D=1 THEN PRINT"NOW IN TIME DOMAIN!" 
PRINT"XFRMD DATA IS:" 
PRINT"POINT REAL 
> FOR I=1 TON 
2 PRINT Is" "sxX(I,0)3" 


"EX(I,O) 8" "EX (1,4) 


IMAG" 


"eX(I, 4) 


OD REM OOK OK OOK K KOK 
REM FFT/IFT SUBROUTINE 
02 REM OO OOOO KOK OK KOK X 
vO Nea 
> REMAK*ADO BIT SHUFFLEXkx 
2 N2=N/2 
Ni=N-1 
Oo J=1 
- FOR I=1 TO Ni 
IF [s=J THEN 680 


Figs 3 and 5 show demonstration runs of the two 
programs. These runs repeat the short 8-point FFT 
example from Ref 2, obtaining essentially the same 
answer (except for the imaginary sign). You can use 
them as a check. 

If you’ve never used the FFT/IFT, we suggest 
several exercises using the Fig 2 or Fig 4 programs 
(Fig 6). For each exercise, we advise performing both 
the FFT and the IFT on the waveforms and spectra so 
that you can see to what degree you can go back and 
forth between domains. 

First, perform an FFT on an elementary de “wave” 
and observe that a de level in the time domain produces 
only an amplitude at N=0O in the frequency domain. 
Then, using the IFT, try positive and negative and zero 
levels for both the real and imaginary values of the de 
or N=0 frequency, leaving all other points zero. 

Second, try the same operations on pure sine waves. 
You'll find that the easiest way to obtain a time-domain 
sine wave is to enter the spectral-line magnitude in the 
frequency domain and then use the IFT to plot the 
time-domain wave shape. Shift the time wave in phase 
and use the FFT to see what happens to the spectrum; 
observe the changes in the magnitudes of the real and 
imaginary components, indicating that the resultant 
vector is rotating in phase. 


SO T1=X(J,0) 

640 T2=X(J,1) 

650 X(J,0)=X (1,0) 

655 X(J,1)2xX¢1,1) 

640 X(1,0)=T1 

670 X(I,1)=T2 

680 K=N2 

690 IF K>=J THEN 730 

7OO J=sJI-K 

710 K=k/2 

720 GOTO 690 

730 J=J+k 

740 NEXT I 

750 REMKXKEND OF SHUFFLE X#x 
760 Sl=-le 

770 IF D=O THEN 790 

780 Si=i 

790 P1=3, 1415926535898 
800 FOR L=1 TO M 

810 Liz2~ 

820 L2=L1/2 

B50 Ul=i 

840 U2=0 

850 Wi=COS(FP1/L2) 

860 W2=S1*kSIN(F1/L2) 

870 FOR J=1i TO L2 

880 FOR I=J TO N STEP Li 
890 T1i=I+L2 

895 REM*K*kKDO BUTTERFLYXkk 
FOO Vi=(X (11,0) KU1-X (11,1) *U2) 
910 V2=(X (11,1) kU1+X (11,0) kU2) 
920 X(11,0)=X(1I,0)-Vi 

920 X¢(11,1)=X(I,1)-V2 

940 X(1,0)=X(1,0)4+V1 

950 X(1,1)=X(1,1) +V2 

9640 NEXT I 

970 REMKK*XDO TWIDL FACTORKXx 
975 U3=U1 

976 U4=U2 

980 Ul=(USkKW1-U4kW2) 

990 U2=(U4kW1+URKW2) 

1900 NEXT J 

1010 NEXT L 

1020 IF D=1 THEN 1060 
1O20 FOR I=1 TON 

1040 X(1,0)=X(1,0)/N 

1045 X(I,1)=X(1I,1)/N 

1050 NEXT I 

1060 RETURN 


Fig 2—This FFT/IFT program, from Ref 2, was created for use in instrumentation evaluations. 
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FRINT'" —-62618" . : Ss came sacs ome oes sane Saas sees soees ots Seas sae oes Sa SS Ss SS es - 
FOKE4, 113:POKES, 232: X=USR (Xx) a s TIME DOMAIN INPUT DATA ARRAY IS: 
LIST ; FOINT REAL IMAG 

PRINT"  <<7161X =>" . 

PRINT IOC OK | i 

FRINT" FFT/IFT" 0 

PRINT" AFTER WAGGENER" 

Q 

Q 

QO 

. re) 
SITATTTAT ed SIV IAAT 

NOW IN FREQ DOMAIN! 

XFRMD DATA IS: 


Oh Pt hie 


S47161X%2> 
OOOO KK KK KKK KK 
PET ZIFT 
AFTER WAGGENER 
KKK KKK KKK KKK KKK KKK 
DATE? 7/25/81 FOINT REAL IMAG 
HRY 10.17 A 1 1.625 © 


FWD-OR-INV? F 2 —-.161611652 
M=? = 


a2. S oO ' . 0883882476 
N= 8 é 3 .25  -.125 
INFUT TIME DOMAIN DATA 4 -, 338388347 
; . 0883883476 
INFUT X( 1,0) : 5 -,125 oO 
6 —, 338788348 
—. 0883882476 
Z 25 125 
8 -.161611653 
~, 0883883476 


On ew bub e 
BPN Wee Me 


bh 


INFUT X( 2 


ee 


Fig 3—A trial of Fig 2’s program performs a short 8-point FFT. 


SO PRINT OO GOO OO IK | 2120 FOR I=0 TO N-1 3115 N4=N4/2 aon 
S55 PRINT" EET/ZIFT" 2131 PRINT! --------- ror 3116 IF Ni+N4°N2 GOTO 3115 
57 PRINT"AFTER CHAMBERLIN" 2130 PRINT IyD1i(1)/N3D2(1)/N 3117 Ni=Ni-INT(N1/N4) xN4+N4 
60 PRT NT OOOO GOO IOK |! 2140 NEXT I 3118 IF Ni<=N3 GOTO 3125 
61 PRINT" 7271A - USOFT BASIC" 2142 PRINT sssssenssesssssmes" 3119 Ti=D1i (N3) 

62 PRINT" ON ROCKWELL AIM-65" 2143 PRINT"RESULTS: MAG VECT" 3120 D1(N3)=Di (NL) 

63 PRINT! ssss=ss=ee2sesss==s55= 2150 FOR I=O TO N-1 3121 Di(Ni)=Ti 

100 INPUT"DATE: "; DAS 2155 PRINT" ---ee enn ZiZ2 T2=D2(N3) 

101 INFUT"HOUR: ";HRS 2160 PRINT"V"s13"="3SOR (D1 (1) ~2+D2(1) 31Z3_ D2(N3) =D2(N1) 

102 INFUT"FWD-OR-INV"s ANS 2170 | 3124 see a 

103 IF AN$="F" THEN FI=1 2175 F 3125 NE 3 a 

104 IF AN$="I" THEN FI=~1 2190 PRINT"  —DONE-" 3200 REMK*KKDO CMFLX FFTX*X 
105 PRINT"FI="3F1 2195 END : 3210 N4=1 — 

110 INPUT"RUN DESCR";CM¢ 2200 REM PRINT IFT RESLTS 3211 N6=2xN4 

200 PR raseebmemidesn esse seet eer aren ae 2210 FOR I=0 TO N-1 3212 FOR N3=0 TO N4-1 
2000 PRINT"SET FFT/IFT SIZE, N" 2015 PRINT! —------------- 3213 A=FIXNS*S. 14159265359/N4 
2010 INFUT"K="sk . 2270 PRINT I3yD1(1)3D2(1) . 3214 C=COS(A) 

2011 N=e2"k . 2230 NEXT I 3218S S=SIN(A) | 

2020 DIM Di (N) 2240 PRINT" sssssssessesssss== 3216 FOR N7=N3 TO N-i STEF N6 
2021 DIM D2 (N) 2250 PRINT" 3217 NS=N7+N4 -_ 
2022 PRINT"N="sN 2260 END 3218 Ti=CxD1 (NS) -S*D2 (NB) 
2035 PRINT"-------INFUT DATA-—" 3000 PRINT" O3 3219 T2=C*D2 (NB) +S*D1 (NB) 
2040 FOR I=O TO N-i 3001 PRINT" s=sssss=ssseeee== 3220 D1 (N8)=D1 (N7)-Ti 

2044 PRINT'---FOR POINT, "s 13 "---" 3002 FRINT" FFT/IFT SUBR" = D2 (NS) =D2(N7)-T2 

2045 INPUT"REAL":D1i(I) | 3003 PRINT" (CHAMBERLIN) " 3222 D1(N7)=D1 (N7)+T1 

2046 INFUT" IMAG": D2 (1) 3004 PRINT" sssssesssseeeenss= 3225 D2(N7)=D2(N7)+T2 

2050 NEXT I . 3110 N=2"k 3224 NEXT N7 

2110 GOSUB 3000 3ii1 Ni=0 3225 NEXT N& 

PLL PRINT" S/SSSSSASACLITLTT ET S112 N2=N-1 3226 N4=N6 

2114 PRINT"RESULTS: REAL & IMAG" 3113 FOR N3=1 TO N2 3227 IF N4¢cN GOTO S211 
2115 IF FI=-1 GOTO 2200 %114 N4=N 3228 RETURN 


Fig 4—This FFT/IFT program, from Ref 3, was produced for use in music-synthesis applications. 


OOOO OOK oaePOR POINT, 2 LESSIG LSAT ALT AS AAA 
PET/IF¥ REAL’? 1 RESULTS: REAL & IMAG 
AFTER CHAMBERLIN IMAG? 0  237—i i tee ttm 
OO IOI IIOIOK ---FOR POINT, yi Vo = 1.625 
7931D — USOFT BASIC REAL? 1 aiiiegmieneriieerecmnrmmneene’ = ae en rR ate eo 
ON ROCKWELL AIM-65 IMAG? O 1 -.161611652 
Sacasae ss -~--FOR POINT, SOBBSG8S475. © ee 
DATE: ?. 7/15/81 REAL? 3 
HOUR: ? 12.1.01 P IMAG? oO a a 
FWD-OR-INV? F ~-~-FOR FOINT, SERIA z 
1 REAL? 2 S jeSSBSBGN4G 2. 0 SSeS 
SAMPLE IMAG? © ~, 08893882476 ; 
SS SSS SSS SS Sa —~-—--FOR FOINT, Se ar cence meee eases mee cuene creme mse eae me eee sane ene eet cen nen comes ee semen ees sine emi ones cote 
PPI7IF) Sizes REAL? 1 le 
? 3 IMAG? © wn een 
~—=—POR POINT, 3 —. 338388348 
aoamacaaadaa INFUT DATA-- REAL? 2 . » 0883883475 ia a deci ar mek a 
~--FOR FOINT, © --- TAAGeO.= 0 R reS reoe » 18420322 
REAL? 1 —-7FOSLE- ; lala aelalaaiaaiaaienienieaienamemiemenianiaal 
IMAG? © miatemacsesemiscmese mse mee 
~e=FOR POINT ¢ 2 o-== FFT/IFT SUBR 7 7~#161611652 
REAL? 2 (CHAMBERLIN) » 9883883476 


vere ress nese seaes tone soues somes teres sues sete esos sages sense rees evens seme semen eoeme 


Fig 5—A trial run of Fig 4’s program, like the trial run in Fig 3, performs an 8-point FFT. 
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Try some basic exercises to 
familiarize yourself with FFT/IFTs 


Third, try combinations of multiple cosine and/or sine 
waves. Here, too, the easiest way to construct these 
waveforms is to start in the frequency domain, draw in 
magnitudes at various harmonics and then use the IF'T 
to generate the time-related amplitudes for the compos- 
ite wave. Here, you'll see now neatly the algorithm can 
handle multitone signaling, such as that used in 
Touch-Tone dialing. 

Fourth, try square waves, both single pulses and in 
pulse strings. Determine what: size FFTs you need to 
handle them, the test being whether the IFT will 
reproduce the original square wave. 

Fifth, substitute some stater-nts to have your 
inputs automatically generated by equations for various 
curves. We found the exponentially decaying waveform 
from Ref 4 quite instructive in this regard because it 
was backed by the rigor of that authoritative reference. 

Sixth, try arbitrary waveforms, sketched by hand or 
obtained from an A/D converter. This exercise provides 
the challenging assignment of generally interpreting 
FFT/IFT results. It raises several questions: 

@ When have you exceeded the N yquist cutoff 

bandwidth? 

@ What is the interpretation of aperiodic signals? 
(The FFT/IFT in theory only applies to periodic 
signals. ) 

® What is the effect of window distortion (briefly 
covered in Ref 1)? | 

You will soon see that although the FFT/IFT is 
readily usable and obviously very valuable, its exact 
interpretation can often be a puzzlement. At this point, 
your intellectual curiosity will be properly whetted, and 
you'll be primed to study the many excellent references 
on FFT/IFT theory and practice. We suggest that you 
start by obtaining the [EEE list of publications, which 
contains some of the best recent texts on the subject. 

About this time you might also begin to wonder how 
the FFT relates to similar analysis techniques, particu- 
larly correlation (Ref 5). The answer is that correla- 
tion, which only works in the time-to-frequency direc- 
tion (it has no IFT equivalent), can sometimes be 
superior for analyzing the periodicity of simpler 
time-domain signals. However, the FFT/IFT combina- 
tion proves best for complex waveforms and is the only 
tool for working in both directions. 


Using the FFT/IFT 


To illustrate how you might use Fig 2 and 4’s tools, 
examine how three engineers have already used them. 
The first two are the authors of the programs; the 
third, a research engineer with RCA. 

William Waggener, Fig 2’s program’s author and an 
engineer with Sangamo Weston (Sarasota, FL), uses 
the FFT for evaluating the frequency response of 
instrumentation tape recorders. He records a known 
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signal and then plays it back, digitizes the waveform 
and performs the FFT to obtain amplitude and phase 
response. He likes the FFT because it can be 
performed automatically and rapidly. 

A distinct advantage of the FFT is that it allows 
“1-shot” tests in which you examine several frequencies 
of interest simultaneously. The recorded test signal can 
be a composite of several frequencies (perhaps con- 
structed with the aid of the IFT), and the response 
spectra via the FFT show the magnitudes and phases 
for each of them. (Alternatively, a time-domain wave- 
form rich in harmonics, such as a square wave, can 
serve as the test input.) 

Waggener agrees with our experience that the 
printout, rather than the FFT calculation itself, is the 
tedious part of this analysis. His 256-point FFTs take 
only about a minute or so to calculate. He recommends 
plotting the results graphically: Even though this 
plotting takes time, the resulting human interpretation 
of the plot can be rapid. Sangamo’s goal, reports 
Waggener, is to fully automate the test using IEEE- 
488-connected instruments such as a digital storage 
scope, HP 85 computer and plotters. 

Hal Chamberlin, Fig 4’s program’s author, explains 
that his prime interest in the FFT/IFT is for its use in 
musical analysis and synthesis. Such direct digital 
synthesis of music with the FFT/IFT is used by leading 
musical experimenters at Bell Laboratories and Stan- 
ford University. 

Although music exists only in the time domain, it is 
best analyzed and synthesized in the frequency domain, 
says Chamberlin. He uses the FFT to transform 
musical passages into the frequency domain, then 
analyzes and creatively alters them, then uses the IFT 
to return them to the time domain to be played. 

Chamberlin divides musical passages into a series of 
10- to 50-msec windows and performs 128- to 512-point 
FFTs on these windows. The more rapidly changing 
the sound, the narrower the windows must be, but for a 
given window duration, there must be enough FFT 
points (enough A/D conversion samples) to provide the 
desired frequency resolution. 

Fig 7 shows our diagramatical interpretation of the 
tradeoffs. The extremes go from crude fidelity at the 
lower left-hand corner to high fidelity at the upper 
right-hand one. In the lower left-hand corner, wide 
00-mséc windows and short 128- -point transforms pro- 
duce unacceptable results—only 1.28-kHz N yquist 
bandwidths. At the uppey right-hand corner, narrow 
10-msec windows and longer 512-point transforms 
produce excellent 25.6-kHz bandwidths. We also plot a 
point for a 20-msee window and a 1024-point transform; 
this eombination might be a goal for use in future 
high-fidelity music systems. 

Chamberlin’s company, Micro Technology Unlimited 
(Raleigh, NC), sells software based on the Fourier 
transform (currently using the slower discrete version) 
that allows wC owners to create multipart music. When 
creating compositions in the frequency domain, it’s easy 
to specify the spectrum for more than one instrument — 
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FREQUENCY 
— | FT 
NYQUIST 
ee od : 
WINDOW DURATION p> FREQUENCY 
DC LEVEL 
: i 
1. . 3 
REAL & 
IMAG 
| | REAL | 
WITH PHASE SHIFT 
WINDOW DISTORTION 
2. IMAG ; 
SINE WAVE AT FUNDAMENTAL \ 4 | 
7 . | H 
NS Bd 
TWO WAVES 4 
COMBINED é 
i 
i 
3. REAL ; : 
IMAG 
SQUARE 
PULSE 
4. 


DECAYING EXPONENTIAL 
=e 


ARBITRARY 
WAVE SHAPE 


Fig 6—Perform these familiarization exercises to gain expertise he FPTAFY operations. 
the time and frequency domains on simple, elementary curves like these, you can gain an ini 


ready yourself for more serious study of the underlying theory. 
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By transferring back and forth between 
tial familiarity with the FFT and IFT and 
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FFT/AFT algorithm helps 
simulate music digitally 


and then have all instruments play simultaneously in 
the time domain. It’s also easy in the frequency domain 
to define the characteristics of the individual instru- 
ments so that they either sound like conventional 
instruments or have entirely original characteristics. 
Chamberlin’s software is used to create time-domain 
look-up tables, which, when scanned by a wP and fed to 
a DAC in real time, “play” the composition. His book 
(Ref 3) provides a good general discussion of the direct 
digital synthesis methods in contrast to analog (“Moog 
synthesizer”) approaches. Even readers not interested 
in music will learn more about the uses of the FFT and 
IFT from it. 
We speculate that in the future, when fast FFT/IFT 


SEE 
NOTES 1&4 


DURATION 
OF WINDOW 
T (mSEC) 


128 256 


chips become available at low cost, you'll see electronic 
musical instruments that make use of the FFT and IFT 
in real time. For example, you can imagine an 
instrument in which the keyboard inputs represent 
frequency-domain choices (as indeed they now do with 
most instruments) which are converted in real time by 
IFT algorithms into time-domain waveforms that drive 
speakers. You can also imagine how easy it will be to 
add software-driven real-time signal processing to 
further alter the waveforms being played, and perhaps 
to automatically generate accompanying instruments. 


An impressive FFT application 

Our third example of FFT/IFT use comes from Stu 
Perlman of RCA’s Princeton, NJ Laboratories, who 
over a 3-yr period developed a complete digital- 
computer simulation for TV systems for use as a design 
tool. Described in Ref 6, Perlman’s simulation covers 
everything from the initial light entering the TV 


SAMPLING 
RATE (kHz) 


100 


BAND- 
WIDTH (kHz) 


50 FREQUENCY: 
DOMAIN 
RESOLUTION (Hz) 
(FUNDAMENTAL 


FREQUENCY 


ATN=1 
33 EN=1) 


25 


SEE 
NOTE 2 


20 


912 1024 


SIZE OF FFT/IFT 
NUMBER OF POINTS (N) 


hear 


1. WINDOW DURATIONS LESS THAN 20 mSEC BECOME TOO 
SHORT FOR HUMAN EAR TO RECOGNIZE TONE PITCH. 
2. HIGH FREQUENCY-DOMAIN RESOLUTION DEMANDS LONGER 
WINDOW DURATIONS. BECOMES MORE IMPORTANT 
FOR LOWER TONES IN MUSICAL SCALE. 
3. HIGHER BANDWIDTHS DEMAND FASTER AID & D/A 
CONVERSIONS AND MORE COMPUTER MEMORY FOR 


LARGER FFT/IFTs INVOLVED. 


4. NARROW WINDOWS NEEDED TO FOLLOW RAPIDLY CHANGING 


MUSIC PASSAGES. 


Fig 7—FFT-parameter tradeoffs for audio applications reveal the combinations of window width and sampling frequency most 


useful in those applications. 
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camera at the studio to the light coming out of the home 
viewer’s set. It models the camera, broadcast link and 
receiving set. 

The FFT and IFT are used 11 times in this computer 
simulation to transfer back and forth between the time 
and frequency domains. Such transfers are essential, 
because certain computations along the signal path can 
only be done in the time domain and others only in the 
frequency domain. (For example, it is only possible to 
check on the depth of broadcast modulation if the signal 
is in the time domain, but filtering can best occur in the 
frequency domain.) 

Perlman’s choice of FFT/IFT window duration and 
number of points involved a tradeoff that pushed him 
well beyond the limits of most personal-C systems. He 
wanted to capture the basic periodicity of the TV 
signal, and that meant using a window spanning two 
TV horizontal lines or 127.11 psec. Then, to achieve 
adequate bandwidth he was forced to a very large 
4098-point FF T/IFT (resulting in a 16.11-MHz Nyquist 
or cutoff bandwidth). To perform these large trans- 
forms, he used an IBM 370 mainframe with 900k words 
of core memory. 

The 370, programmed in FORTRAN IV, provides 
virtually instant simulation runs. Perlman believes that 
current 8-bit Ps, especially if programmed in inter- 
preted BASIC like that of our Fig 2 and 4 programs, 
would be impossibly slow and would not have the 
memory capacity to hold his large array (approximately 
4M bytes, we estimate). However he acknowledges 
that the coming generation of 16/32-~Ps might be able 
to handle this degree of simulation. EDN 
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Smart display 
terminals keep 
precious memories 


alive with TADIRAN* 
lithium batteries. 


(420 Wh/Kg & 
800 mWh/cm?) 
to offer absolute 

assurance that 


A millisecond’s 
power outage 

and all the data 
in the memory 


* Manufactured by 
Tadiran-lsrael 
Electronics. 


are lost — unless they’ll still be alive 
backup r 10 years from 

attery’s alive. a now. 
Only TADIRAN’s a ~~ For information 
safe, hermetically = re | contact Plainview 
sealed lithium/ = < Electronics Corp., 
thionyl-chloride en @ : 28 Cain Drive, 
batteries have the mn Plainview, NY 
low self-discharge 28 11803, 
characteristics and >m 516/249-6677. 
the energy density “ Telex: 125043. 
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liching ... 
for a Thermal Printer? 


Don’t Scratch Your Head! 


Don't scratch your printhead, that is. Only the Hecon A0S50 Thermal 
Printers lift the printhead away from the paper during paper advance. 
This unique feature reduces unnecessary wear and extends print- 
head life to a minimum of 4 million lines at 2 lines per second. 


Designed for long term reliability, the AO550 uses cast parts for 
consistent and dependable operation. Even the rubber roller uses an 
exclusive compound to ensure accurate paper position and superior 
print quality. 

Available in 20 or 40 column versions, you can specify desktop 
complete units or OEM mechanisms. Two copy thermal paper Is also 
available. 


If thermal is the way you go, don’t scratch your head—make Hecon 
your destination! 


It’s got to be good. It's a Hecon. HECON 
O | is 


Hecon Corporation, 31 Park Road, Tinton Falls, NJ 07724 
e (201) 542-9200 
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Now, 


The Signature Multimeter. 


Before signature analysis (S.A.) trouble- 
shooting microprocessor boards was tedious, 
time-consuming and costly. $.A. changed this 

by giving each complex bit stream its own unique 
hexadecimal signature, enabling technicians 
with minimum training to identify faulty nodes. 


Now, the HP 5005A Signature Multimeter goes 
the next step by combining a high speed signature 
analyzer with a DMM, frequency/time interval 
counter and logic probe in one compact, light- 
weight package. This versatile combination adds 
a new level of convenience, making it easier 
than ever to track down faulty components in 
both service and production environments. 


The 5005A Signature Multimeter offers features 
new to S.A.: preset logic thresholds for TTL, 
ECL and CMOS; variable thresholds (+12.5V): 

a clock-qualified Signature Analysis mode; and 
a 20 MHz clock rate coupled with a 10ns set-up 
time for high speed logic. It only weighs 8 Ibs. 
(3.5 kg.), so it travels anywhere. The price 

is $2500* 


02103B 


THRE RCE 


(1 eackarp 


Sal 


has two more ways to cut 
digital troubleshooting costs. 


The Microprocessor Exerciser. 


Here’s a simple way to take advantage of S.A. 
even if it isn’t designed into your product. Just 
insert your product’s microprocessor into an 
HP Microprocessor Exerciser, plug the Exerciser 
into the empty microprocessor socket, and use 
the Exerciser’s ROM to run test stimulus pro- 
grams. Over 50 self-contained S.A. stimulus 
programs thoroughly exercise the micro- 
processor, buses, ROM, RAM and I/O circuitry. 
Easily monitor the resulting signatures at your 
product’s test points with HP 5004A or 5005A 
Signature Analyzers. Ee 

Prices: the new 5001C (for 8085A), $900*: 
the new 5001D (for Z80), $1075*; the 5001A (for 
6800), $900* | 

For more information, call the HP regional 
office nearest you: | 
East (201) 265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430, or write to 
Hewlett-Packard Co., 
1820 Embarcadero Road, Palo Alto, CA 94303. 


*Prices domestic U.S. only. 
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oise-property analysis 
enhances PLL designs 


You can calculate phase noise based on loop-component specs 
and thus determine the worst-case performance of PLL systems. 


Larry Martin, Consultant 


With the mathematical and graphical techniques pre- 
sented here for predicting phase noise in your phase- 
locked-loop (PLL) output, you can cost effectively 
specify the required performance when evaluating 
PLLs. This capability proves important because the 
phase-noise performance of subsystems such as indirect 
frequency synthesizers in receiver systems can deter- 
mine system performance. 


Review puts PLL fundamentals in perspective 


Two equally valid sets of nomenclature—phase- 
domain or frequency-domain terms—can be used to 
describe PLL parameters (Fig la). The phase-domain 
definitions of interest are: 

0x(s)=input phase to the loop (rad) 
§9(s)=output phase of the loop (rad) 
6:(s)=phase error in the loop (rad) 
0\(s)=phase correction to the VCO (rad) 
Kp(s)=phase-detector gain (V/rad) 
A(s)=loop-amplifier gain (V/V) 
Ky(s)=VCO transfer gain (rad/sec/V) 
K,(s)=VCO phase-transfer gain (rad/V). 


PHASE- 
DOMAIN 
SYMBOLS 


FREQUENCY- 
DOMAIN 
SYMBOLS 


(a) 


In Laplace-transform terms, VCO phase-transfer 
gain relates to VCO voltage-transfer gain through 


Ko(s) = Ky(s)/s. 


Then, in control-theory terms, the loop’s output 
phase in terms of its input phase is specified by 


0 o(s)/OR(s) = G(s)/[1 + G(s)H(s)], 


where 


G(s) = Kp(s)Ko(s)A(s) = Kp(s)Ky(s)A(s)/s 


and H(s)=1/N. Here, G(s) equals system forward gain 
(Fig 1b), and H(s) represents feedback-path gain. 
Frequency-domain notation, on the other hand, 
requires some additional definitions: 
w(s)=loop output frequency (rad/sec) 
wp(s)=loop input frequency (rad/sec) 
f)(s)=loop output frequency (Hz) 
f(s) loop input frequency (Hz) 
K(s)=phase-detector transfer gain (V/Hz). 


OUTPUT 


Fig 1—Two sets of nomenclature—one relating to the frequency domain and the other to the phase domain—can describe a PLL 
system (a). In (b), G(s) represents the system’s forward gain and H(s) equals the feedback gain. 
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PLL-subsystem phase-noise level 
can determine system performance 


In terms of frequency, the loop equation now reads 
fo(s)/fa(S) = @o(S)/wR(s) = G'(s)/[1 + G'(s)H(s)], 
where 
G'(s) = Ka(s)Ky(s)A(s) = 


and Ko(s)=Kp(s)/s. Thus, G(s)=G'(s), and the transfer 
functions are identical. 
Next, recognize the loop characteristic equation: 


1 + G(s)H(s) = 0. 


‘The highest degree of this equation determines the loop 
order, and the number of poles of the open-loop transfer 
! function, G(s)H(s), located at the origin determines 
‘loop type. (PLLs are generally Type 1 loops because of 
‘the finite gains of loop amplifiers and other real-world 
- components.) 
_ With this nomenclature background, note that to 
change PLL parameters (Refs 1, 2 and 3 review loop 
‘parameters) you can usually only modify A(s). Fig 2 
illustrates typical circuit configurations for changing 
loop type or order. 


Kp(s) Ky(s)A(s)/s 


_Time-domain terms describe phase noise 
The output of an oscillator in the time domain is 


v(t) = [Vo + Valt)]eoslao(t) + 6(t)], 


Where Vp» is the average signal amplitude, w» is the 
signal’s average radian frequency, Va(t) is the signal’s 
instantaneous amplitude fluctuation and @(t) is the 


LOOP TYPE G(s) H(s) A(s) 
1 K K' 
S(S + a) Sta 
2 K(S + a) K'(s +a) 
s2 S 
3 K(s + a)(s + b) K(s + a)(s + b) 
s3 s? 


signal’s instantaneous phase fluctuation. Because this 
article focuses on signal phase properties, assume small 
amplitude fluctuations—usually a safe assumption be- 
cause an oscillator’s phase noise usually greatly exceeds 
its amplitude noise at small frequency offsets from the 
carrier. Furthermore, assume small phase fluctuations. 
Now consider a signal with the small phase deviation 
dm, phase modulated by a sine wave of frequency wm: 


v(t) = Vocos(mot + dmSinw,nt). 


This equation expands trigonometrically to 


V(t) = Vo{(cosaot) Lcos(dmSinw,t) | 
— (sinwot)[sin(d,Sin wnt) ]} 


and, by Bessel functions of the first kind, to 
= Vo{Jo(dmcos@ot + Ji(bm)[COS(@p + Wm)t 


— COS(Wp — Wm)t] + Jo(bm)[cos(wo + 2o,,)t 
+ cos(wo — 2,,)t] + - °°}, 


v(t) 


where o,, is the modulation index and Jo(bm), Ji(bm) and 
JxGm) are the Bessel functions. For én<0.2, these 
equations yield | 

Jibm/Jolbm) ~ bm/2 for dy < 0.2. 


Because the modulation index ¢m equals 
bm = Af/tn, 
where Af denotes peak frequency deviation, 


JibmVJoldm) = Af/(2fn). 


This expression gives the amplitude of the modulation 
sidebands in the frequency domain. 

If the frequency deviation remains constant and 
independent of the modulating frequency, sideband 


POSSIBLE CIRCUIT 


Fig 2—These circuits represent typical configurations you can choose to change loop type or order. Here, K and K' are 


constants. 


wc 
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LOG (Af) 


10 dB/DECADE 


[_ 20 dBIDECADE 


(a) (b) 


30 dB/DECADE 30 dB/DECADE 


20 dB/DECADE 20 dB/DECADE 


(c) 


Fig 3—f frequency deviation remains constant and is independent of modulating frequency, sideband amplitude is inversely 
proportional to the modulating frequency. Here, (a) shows the frequency deviation; (b), the sideband amplitudes; (c), the 


single-sideband amplitude. 


LOG[At(f,)] 


30 dB/DECADE 


10 dB/DECADE 


_- 20dB/DECADE 


(a) (b) 


20 dB/DECADE 
20 dBIDECADE 


10dB/DECADE \ 


| 
: | 
: | 
| | 


(c) 


Fig 4—These curves diagram oscillator phase noise: (a) i/iustrates the single-sideband phase noise; (b), the equivalent frequency 


deviation; (c), the equivalent input noise voltage. 


amplitude is inversely proportional to the modulating 
frequency (Fig 3). For each frequency fn, a pair of 
sidebands—equal in amplitude but opposite in phase— 
appears symmetrically about the carrier fo. When 
amplitude modulated, the carrier has sidebands equal 
in amplitude and phase. Thus, if a modulated carrier 
has unsymmetrical sidebands, it’s being amplitude and 
phase modulated simultaneously. | 

So far this article has dealt with a signal’s sinusoidal 
modulation. To generalize the discussion to noise 
modulation, note that mathematically noise is a summa- 
tion of independent components with different frequen- 
cies and amplitudes. The average value of noise at any 
frequency is expressed in rms terms. Thus, you'll find a 
one-to-one correspondence for noise measured at a 
given frequency to the noise at that frequency offset 
from a noise-modulated carrier. This relationship holds 
true so long as the frequency deviations are sufficiently 
small and the previous assumptions permitting the 
Bessel-function expansion thus remain valid. 

The usual method of measuring a signal with 
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low-deviation phase modulation is to measure one 
sideband (because the sidebands have identical ampli- 
tudes) in a 1-Hz bandwidth. This signal is referred to 
by £(fn), the ratio of the single-sideband power of the 
phase or frequency noise in a 1-Hz bandwidth, offset by 
f., from the carrier frequency, to total signal power, or, 
in logarithmic terms 


L(Em) = Wlogl[Af/(2fn)] = 20loglIi(dm/Jo(Gm)]. 


This equation expresses signal amplitudes in terms of 
voltage rather than power. | 


VCO noise spectra yield frequency deviation 


You can measure the phase noise of an oscillator using 
many different techniques (Refs 4, 5, 6 and 7). Here, 
assume that you already know the oscillator phase 
noise; Fig 4 shows an example of such noise. Once you 
know this noise spectrum, you can calculate the 
frequency deviation with the foregoing equations. 
Furthermore, because you know the VCO’s input- 
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ec 


Frequency deviation depends 
on oscillator noise spectra 


tuning voltage sensitivity Ky, you can compute an 
equivalent noise voltage at the VCO input and at a 
particular offset frequency f, using 


ey = Afepms/Ky. 


Figs 4b and 4c show the results of these computations. 
With this information, you can model the VCO as a 
noise-free oscillator with a noise-voltage source at its 
input.-Fig 5 shows the phase-locked loop with this noise 
source. The loop’s output frequency is given by 


NKy(s)K,(s) A(s) 


a eo 


fa(s) = ~ SN + Ky(s) Kp(s)A(s) 


DESIRED TERM 
SNK\(s) 


+ SN + Ky(s)Kp@A@ or)» ” 
Se 


———___— 
CONTAMINATING TERM 


where the desired term represents the output in a 
noise-free environment and the contaminating term 
results from VCO noise. 

If you look at only the contaminating term and let 
S= Jo, you can define frequency deviation as 


2 jaNKyGo) 
AfoG@) = joN + KyGo) KGa) AGo) ) evo) 
AfoG27tm) 
y atoVeT tm) 
bn 
2a NKy_ Bi G2mf). 


~ jaf N + KyQ27fn Ky Q2mfn JAG2rf,.) ) 


HASE 
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Fig 5—-This block diagram of a PLL system represents the VCO as a noise-free oscillator with a noise-voltage source at its input. 
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| LOOPGAIN Lg gq) 


OPEN-LOOP NOISE 


IMPROVEMENT 


CLOSED-LOOP NOISE 


Fig 6—These Bode plots of open- loop phase noise and 
gain (a) and closed- “loop VCO noise (b) show the reduction 
of oscillator phase noise inside the loop bandwidth by the 
available’ loop gain at any offset frequency. 
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For a phase-locked VCO, this equation yields phase- 
noise sideband amplitudes of 


jaNKy 


V -— eo a a 
Lo(tm) = 20log | j2m7f,pN + KpKyAfy 


Bilt) 


Here, the subscript 0 indicates loop output noise, and 
the superscript V refers to the VCO’s noise contribu- 
tion. Thus, loop properties modify an unlocked oscilla- 
tor’s phase noise. 

Now note that 


ev(Lfn) = Af(fn)/K, = Ly(fn)2fin/ Ky. 
where L v(f,) is the open-loop VCO noise. You can 


substitute this equation into the preceding phase-noise 
equation to yield 


«é.) = ootog | |< 2afaN 
LO(fm) = 20log Peas + KpKyAfi 


| ot) 


| ig dl 

= 2010g| + aE aE | 2 a 
This equation says that the noise outside the loop 
bandwidth (defined as the frequency at which 

G(s)H(s)=1 and also the —3-dB point of the loop’s 
frequency response, assuming no peaking) equals the 
open-loop VCO noise, and that the oscillator’s phase 
noise inside the loop bandwidth is reduced by the 
amount of loop gain available at any offset frequency fn. 

Fig 6 shows an example of this effect. Many 
oscillators in the VHF and higher frequency ranges 
have low-frequency phase noise with a 30-dB/decade 
slope. For Type 1 loops, the noise inside the loop 
bandwidth still has a 10-dB/decade slope. Thus, you 
might choose a Type 2 loop, which has higher gain at 
low frequencies, to further reduce oscillator noise. 
However, if you choose a Type 2 or higher order loop, 
be careful when placing the loop’s poles and zeroes to 
avoid any loop-gain peaking, which can degrade loop 
noise performance. 


REFERENCE 
OSCILLATOR 


LOOP 
AMPLIFIER 


PHASE 
DETECTOR 


Fig 7—Modeling a loop amplifier as /f it had only a voltage 
noise source is usually a valid assumption, but you should 
check the effects.of noise currents when loop-amplifier 
impedance levels are high. 
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To summarize, you can reduce open-loop VCO noise 
only by the amount of loop gain. Noise performance 
outside the loop bandwidth equals that of an unlocked 
VCO unless the loop gain has peaking; in this case, the 
noise is higher. 


Low-frequency references provide stability 

Because most high-frequency oscillators lack ade- 
quate long-term stability, they can’t serve as primary 
oscillators in many frequency synthesizers. Therefore, 
they are usually phase locked to a lower frequency 
oscillator designed for good long-term stability. Unfor- 
tunately, such oscillators have phase noise that might 
determine loop noise properties. Consider a reference 
oscillator: It has some phase noise—expressed in the 
frequency domain (Eq 1) as: 


_N KyKpA(s) 
sN + KpK,A(s) 


Af,(s) = AfR(s). 


Thus, the loop’s output-frequency deviation becomes 
Afo(s) _ NK, KpA(s) _ Afp(s) 
f, sN+t KpKyA(s) - a 


After manipulation, the output sideband level as a 
function of both loop gain and reference noise equals 


FRE.) = log ed Na KeA ta) PAE). (3) 


j2arfinN + KpKyA(fi)| | 


L p(y) referstothe phase noise of the reference oscillator. 

This expression says that at low offset frequencies 
the output noise is merely the reference noise multi- 
plied by the division number N. However, outside the 
loop bandwidth, noise is not zero but instead the 
multiplied reference noise reduced by the attenuation 
provided by the loop outside the loop bandwidth. This 
attenuation usually has a 1/f term because A(s) is 
usually independent of frequency for those outside the 
loop bandwidth. Thus, for a large fn, 


K, Kp 


On (4) 


FRE.) = 20log pes 


Alfa) Llbn) 


You must, therefore, consider not only the loop gain 
necessary to provide for VCO noise reduction inside the 
loop bandwidth, but also the effects of the reference 
noise on the VCO outside the loop bandwidth. 


Prequancy dividers generate noise 


The noise inherent in the frequency divider also 
contributes to the noise in phase-locked loops. This 
noise comes from the divider’s active devices, but 
vendors unfortunately seldom specify it. You can 
measure the noise, but regard your measurements at 
best as typical, because vendors probably exercise little 
control over this spec during manufacturing. 

Once you estimate the values, though, you can easily 
see whether the noise affects loop performance. Note 
that the loop cannot determine whether this noise 
comes from the phase detector’s reference or divided- 
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FFF esa 


Set loop bandwidth to optimize 
noise at a given offset frequency 


VCO input; thus, if divider noise is less than reference 
noise, the former is not a prime noise contributor. 
However, if divider noise is greater than reference 
noise, it might constitute a prime contributor to loop 
noise. If they are approximately equal, the resultant 
noise equals their rms sum. 

Mathematically, the divider’s noise contribution to 
the loop’s output noise is 


N Ky KpA(fp) 


. _ — NKyKpAUn) 
L6(fm) = 20log | j2mf,N + KpKyACGn) 


| fof) 


where £ p(fn) is the additional phase noise the divider 
causes, referred to the divider’s output. 


Check phase-detector and loop-amplifier noise 


Until now, this article has expressed output noise 
contributions in terms of input- and output-noise 
spectral densities: This section, however, presents an 
expression that describes output contributions to loop 
phase noise based on the measured noise voltages at the 
phase-detector-output and loop-amplifier-input noise 
sources. Here, the loop-amplifier model has only a 
voltage noise source—usually a reasonable assumption, 
although you should compute the effects of noise 
currents when the loop amplifier’s impedance levels are 
large. Fig 7 illustrates a loop with these noises lumped 


together; all other components are assumed noise free. 


The output frequency of such a loop is 


N Ky KpA(s) 


sN + KyKpA(s) on(S) 


Wo(S) = 


DESIRED TERM 


sKyA(s)N 
SN + K,KpA(s) 


enr(S). 


UNDESIRED TERM 


If you let s=jw, define the noise term as 


sNKyA(s) 
sN + KyKpA(s) 


Aw (s) = Cn7(S). 


Ata particular frequency offset fn, you can express 
output noise as 


jNKyA(f,,) 
j2mf,,N + KyKpACE,) 


SPF.) = 20log E | 


2 


enn , 


This equation shows that for large loop gains (and low 
frequency), the noise floor is independent of loop gain, 
as Shown by 


L(fm) ~ 20log E= en En) for small f,,. (5) 
P 
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10-MHz 
REFERENCE 
OSCILLATOR 


PHASE 
DETECTOR 


LOOP 
AMPLIFIER 


OUTPUT | 
240-MHz 
VCO 


Fig 8—A block diagram of a simple frequency synthesizer 
__ Shows the major noise contributors to PLL systems. The near 
| by table lists these components’ measured noise. 


Furthermore, for frequency offsets greater than loop 
bandwidth, the noise falls off at only a 20-dB/decade 
rate for a flat er, as shown by 


£P(E,) = 20log Ky Alfy) 


Arf, 


enr( fa) for large f,,. 


If this noise limits the loop’s noise floor, you can reduce 
it using three methods: by finding an amplifier with 
lower input noise or a phase detector with lower noise; 
by finding a phase detector with a higher gain constant; 
or by changing the loop’s diagram to meet specs. 


Example shows noise effects 


Thus far, this article has described all major PLL 
noise contributors. However, many loops include addi- 
tional components such as circuits to linearize the VCO 
tuning curve or pretuned circuits to tune the VCO 
closer to its final value. You can analyze these circuits’ 
noise sources in a manner similar to that described or 
lump them together with those already reviewed. 

Consider an example that shows how the equations 
presented in this article can predict loop output noise. 
Fig 8 shows a block diagram of a frequency synthesizer. 
The VCO operates at 240 MHz, and frequency step size 
equals 1 MHz. The table shows the measured noise data 
for the loop components. Assume that the phase 
detector and op amp have a noise floor of 30 nV/Hz. 

To predict loop output noise, first plot the phase noise 
of the VCO and the frequency reference, both referred 
to 240 MHz (Fig 9a). Notice that the two curves 
intersect at 4 kHz. Loop bandwidth is usually chosen to 
make these curves intersect at the loop bandwidth. The 
loop is assumed to be a Type 2, because the VCO noise 
falls at a 30-dB/decade rate. Now plot loop gain on the 
same curve as VCO noise (Fig 9b). You can determine 
VCO closed-loop noise by subtracting loop gain from 
VCO phase noise. Note the rise in noise inside the loop 
bandwidth below 800 Hz, until the extra gain of the 
Type 2 loop comes into effect (from Eq 2). Place the 
zero in the gain function at about one-fifth of the loop 
bandwidth, thus achieving a fair compromise between 
high gain at low frequencies and minimizing loop 
peaking (which would be caused by placing the zero at 
any higher frequency). 
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NOISE DATA 


OFFSET 


FREQUENCY REFERENCE DIVIDER 
(Hz) (dBc) (dBc) 
10 99 
100 115 
1000 124 
10,000 127 
100,000 147 
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You could plot similar curves for the reference 
oscillator, based on Eqs 3 and 4 (Fig 9c). Here, loop 
gain has no effect inside the loop bandwidth; however, 
the noise outside the loop bandwidth can only be 
attenuated by the loop attenuation. Calculate the rms 
sum of the two closed-loop curves—because the noises 
are uncorrelated—to obtain loop noise performance 
assuming the rest of the loop is noise free; this 
represents the best performance for a given loop 
bandwidth. You can also move the loop bandwidth to 
optimize noise at a particular offset frequency (Fig 9d). 

Unfortunately, the rest of the loop contributes noise. 
The divider has a negligible effect, as the table shows. 
However, the noise from the phase detector and loop 
amplifier (assumed to be 30 nV/Hz and flat with no 1/f 
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Fig 9—These curves illustrate the noise characteristics of the 
individual components in Fig 8 as well as the resulting total noise. 
(a) shows VCO, divider and frequency-reference phase noise; (b), 
loop gain and VCO noise; (c), loop gain and reference noise; (d), 


total closed-loop noise due to the reference and VCO noise; (e); 


total PLL noise: 
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10,000 
OFFSET FREQUENCY (Hz) 
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100,000 | 


Loop attenuation can reduce 
noise outside loop bandwidth 


N FRAME SWITCHERS 


FIVE INDUSTRY STANDARD | 
CASE SIZES 


® 65 watts 


contribution) result in a loop noise floor of 91 dBc (Eq 


° 7S watts 5d). Fig 9e shows this effect along with the VCO and 
: Lee at reference noise. The phase-detector noise dominates 


loop noise. You can add these noise curves to find the 
total noise expected. 

Again, to optimize noise at a particular frequency, 
adjust the loop bandwidth. If the noise performance of 
this simple loop does not suffice, select lower noise 
components or design a more complicated loop. EDN 


e 200 watts 


STANDARD FEATURES 
INCLUDE 


® 115/230 VAC input 

e Fully regulated outputs 
¢ Overload protection on all outputs 

¢ Built-in OVP on main output 

¢« Designed to meet UL & VDE requirements 


24 hour high temp burn-in 
100% computerized functional test 
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October 1,1981 


On September 18, 1979, the FCC 
adopted new regulations to reduce 
_the interference potential of elec- 
tronic computing equipment. 


_On October 1, 1981, all class A and 
-B devices manufactured for the first 
_ time after this date must comply with | 

the FCC regulations. 


_ £3 Corcom, the world leader in RFI 
pollution control, has over 200 filter 


_ types for off-the-shelf delivery. . 


&3 Corcom has a complete Design | 
_and Application Engineering staff to 
help you select the right filter for 
your application... 


3 Many Corcom filters meet the — 
requirements of every major safety 
agency in the world including UL, 
CSA, VDE and SEV. 


Corcom...world leader in RFI pollution control. 
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1600 Winchester Road Libertyville, Illinois 60048 USA 


312-680-7400 TWX 910-684-3269 
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MEMORY 


DESIGN SEMINAR 


YOULL NEVER 


And definitely not for those who are easily startled by new ideas. 

Because that’s exactly what to expect from Intel’s Fifth Annual 
Memory Design Technical Seminar. 

Not just a how-to handbook on component designs. But hands-on 
strategies that can dramatically accelerate total system performance. 
Examples? Up-to-the-minute technologies and applications for global 
and local memories. New design tactics for RAMs, EPROMs, 
E’*PROMS and bubbles. Plus complex mass storage memory ideas— 
made simple. 

So check out the agenda at right. And contact your nearest 


FORGET. 


distributor, listed below, for fee* and site information. 


Then prepare yourself for a memorable experience. 


DATE 
September 18 
September 21 
September 22 
September 23 
September 24 
September 25 
October 5 
October 6 
October 7 
October 8 
October 9 
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LOCATION 
Hauppague 
Boston 
Ontario 
Dayton 
Chicago 
Dallas 

San. Francisco 
Seattle 

Los Angeles 
Santa Ana 
San Diego 


in 


DISTRIBUTOR 
Hamilton 
Arrow 

L.A. Varah 
Pioneer 
Pioneer 

Arrow 

Arrow 

Almac Stroum 
Hamilton 

Wyle 

Wyle 


¢ Application vs Memory 
¢ Quality/Reliability 
¢ Memory Systems 


¢ Global Memories 


¢ High Performance System 
Design 

+ Bubble Memories 

+ Microprocessor Memories 

+ Local Memories 


*Nominal $20 registration charge per seminar. 


CONTACT 
Deby Vetter 
Rhonda Grant 
Sharon Mah 
Janet Key 

Al Rodenburg 
Christy Kennedy 
Nancye Van Tries 
Lowell Smilen 
Sue Potts 
Lavern Melvin 
Gary Caito 


‘delivers 
solutions 


PHONE 
(516) 454-6000 
(617) 933-8130 
(416) 561-9311 
(513) 236-9900 
(312) 437-9680 
(214) 386-7500 
(408) 745-6600 X410 
(206) 763-2300 

(213) 558-2411 

(714) 641-1600 

(714) 565-9171 
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EDN »C OPERATING SYSTEMS DIRECTORY 


Operating systems cost more — 


but they also do more 


Updated and recently introduced operating systems reflect their suppliers’ 
efforts to maintain performance parity with advances in 
8- and 16-bit wC hardware. 


George Kotelly, Senior Editor 


Like many other products, microcomputer operating 
systems (OSs) are more expensive than they were a 
year ago. But the operating systems listed in this 
second annual directory also reflect augmented proces- 
sor, peripheral, memory and file-management capabili- 
ties. Thanks to refinements in older versions and 
increased versatility in new offerings, these 80 operat- 
ing systems have kept pace with the improved 
computational power of 8- and 16-bit Cs. 

These OSs reflect several trends when compared 
with the 71 products documented last year (EDN, 
November 5, 1980, pg 301): 

e@ In processor allocation/management, a swing to 

multitasking, multiuse and multiprocessing 

e In peripheral management, the added capability 

of handling hard-disk drives 

e In memory management, increased system stor- 

age capacity along with a focus on memory- 
protection features 


e In file management, increased availability of data 


security and protection 

e@ In system support, increased accommodation of 
networking 

e In language support, a preference for BASIC, 
FORTRAN, PASCAL, COBOL and C in that 
order, with small usage gains or losses for each. 


Price is up 

Despite the importance of these trends, though, 
price increases account for the most noticeable change 
in the operating systems covered again this year. 
Nearly one-third of these repeats carry a higher price 
tag. For the majority, the suppliers’ increased cost of 
doing business has merely taken its toll. But in several 
instances, offerings exhibit extra performance along 
with their extra cost. 

Previously not available in many OSs, such features 
as network support, hard-disk I/O and storage, multi- 
tasking, and additional support languages and target 
wCs have been incorporated in more than half of the 
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BASIC. It automatically catalogs files by name; saves, loads, runs, 
renames, deletes and verifies files; permits sequential and random 
data access; and helps make backup diskette copies. 


returnees that underwent price increases. For exam- 
ple, network support now comes standard in MICRO 
COBOL BOS, MP/M II and XENIX; hard-disk I/O in 
RTE-XL, HDOS and SDOS; multitasking in KOS 5.2 
and UCSD P-System; and BASIC and FORTRAN 
support in SP/ and MSP/8086/Z8000/6800. 

Additionally, some OS manufacturers provide added 
capability at no increase in price. For example, AMIX 
3.0 supports seven more wCs than it did last year, 
CDOS now supplies processor allocation and memory 
management as standard features, and UMDS supports 
PASCAL as well as five additional wCs. 


More bits for more work 

Not surprisingly, operating systems for 16-bit wCs 
constitute many of the 18 new entrants in the directory. 
Besides bearing higher prices than OSs available a year 
ago, they reflect a definite trend toward 16-bit-wC use. 
Their increased performance entails a small price 
increment but satisfies users’ needs to handle computa- 
tion and communications simultaneously. Additionally, 
they represent a move from single-task, single-user 
versions (such as CP/M and ISIS) to multitask, 
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New operating systems support 
more users, tasks and processors 


multiuser and—in a few cases—multiprocessor types 
(such as MP/M and iRMX86). 

In fact, 80% of the new entrants feature multitasking 
capability, whether for 8- or 16-bit wCs. To demon- 
strate the diversity of multitasking variations availa- 
ble, consider RMS68K, a 16-bit-wC OS. In theory, it 
handles an unlimited number of tasks, although memo- 
ry capacity and overhead obviously dictate an upper 
limit. Another 16-bit-uC OS, ZEUS, accommodates as 
many as 200 tasks. And yet another offering, RE X-80, 
serves 8- and 16-bit wCs while providing multitasking 
limited only by memory constraints. 

Following on the heels of multitasking as a standard 
OS capability comes multiple-user support—a charac- 
teristic of more than half the new entrants. Again, 
implementation variations abound. For example, TMS, 
an 8-bit-wC OS, handles as many as five users and 


provides at least 1k bytes of RAM for each. ZEUS, 
however, suits as many as 64 users and furnishes nearly 
64k bytes of RAM for each. Another 16-bit-wC offering, 
CTOS, accommodates as many as 16 users and 
furnishes a huge 128k bytes min of RAM for each. 

Although not as prevalent as multitasking and 
multiple-user capability, multiprocessing has also made 
noticeable inroads in OSs. Some 20% of the latest OS 
introductions support more than one processor. The 
wave of the future, these OSs allow master-to-master 
and master-to-intelligent-slave CPUs to conduct traffic 
over parallel buses. 

For example, CTOS supports 8086- and 8087-based 
wCs using a hardware synchronizing scheme. Embody- 
ing even greater capability, REX-80 works with as 
many as eight processors by means of test-and-set 
functions and interrupt synchronization. Performance 
advantages abound in these products because the 
application splits into more manageable segments for 
separate and more efficient CPU handling. 

Following the same trends established in the directo- 
ry’s upgraded entries, the percentage of recently 


Glossary of essential operating-system terms 


Allocation (dynamic)—The reas- 
signment of peripherals within a 
given program 
Allocation (static)—The as- 
signment of peripherals to a job 
Allocation technique—The 
method of providing a process 
with access to a shared resource 
Binding—The act of assigning 
absolute addresses to a program 
Blocked list—A catalog of the 
processes waiting for uP time or 
for completion of an I/O operation 
Blocking—The process of 
combining more than one record 
into one block to make data 
transfers more efficient 
Buffering—The process of 
using areas of memory to isolate 
I/O devices from one another and 
from the CPU 
Chaining—The ability of an 
executing program to call another 
program that resides on disk 
COMMON—An area of memo- 
ry maintained for the purpose of 
passing data or parameters 
Constrained allocation—A re- 


source-allocation strategy that: 


specifies all resources a process 
will need but does not prevent 
execution unless a deadlock 
might occur 
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Contiguous allocation—An al- 
location method that assigns 
adjacent sectors to a file 

Deadlock—A condition that ex- 
ists when a process is blocked in a 
state and in all future states that 
the system can reach 

Deadly embrace—A situation 
in which two processes each un- 
knowingly wait for resources held 
by the other 

Device independence—An 
OS feature that frees the user 
from considering device-specific 
details. It employs mnemonics to 
refer to specific devices; changing 
these mnemonics redirects |/O to 
another device 

Direct memory access 
(DMA)}—A means of providing fast 
peripherals with access tomemory 
without going through the CPU 

Directory—A file containing in- 
formation concerning the other 
files on a mass-storage device ; 
also termed a catalog 

Executive—An _ operating-sys- 
tem routine responsible for deci- 
sion making 

File-control block (FCB)—A 
data structure in main memory 
for keeping track of files in use 

File-management system— 


The part of an OS that controls the 
organization and allocation of disk 
files, which might consist of one or 
more sectors 

Index—A number representing 
the relative position of a byte in 
either a record or file 

Interrupt—A break in the nor- 
mal flow of a system or routine 
from which flow can resume later 

I/O supervisor—The portion of 
an OS that provides routines for 
l/O procedures 

Job—The collection of activities 
needed to accomplish a specified 
amount of work 

Linked list—A list formed by 
tying together (with pointers) sev- 
eral items on a disk 

Lock byte—An entity used to 
represent a resource in synchroni- 
zation schemes; also termed a 
semaphore 

Memory protection—A meth- 
od of ensuring that the contents of 
main memory within certain varia- 
ble limits are not altered or inad- 
vertently destroyed 

Noncontiguous allocation— 
An allocation method that assigns 
physically nonadjacent sectors to 
a file 

Nucleus—The most basic level 
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introduced operating systems incorporating hard-disk 
support capability exceeds 50%. Additionally, the 
percentage of new OSs with network support and file 
protection totals slightly less than 50%; with memory 
protection, just under 25%. | 

A move toward 16-bit hardware notwithstanding, 
most operating systems still serve the large 8-bit-wC 
marketplace. In fact, 8-bit-wC OSs in the directory 
outnumber their 16-bit counterparts by 2:1. Additional- 
ly, among the new OS entrants, almost half are 8-bit 
types. In other words, operating systems serving 8-bit 
wCs still dominate this OS directory and should 
continue to do so in the near future. 


Less popular languages make a move 

The breakdown of languages supported by this 
directory’s operating systems shows small losses by the 
popular languages and small gains by the less common- 
ly used ones. Specifically, BASIC continues to lead the 
pack; it’s available for 66% of the listed OSs—a 2% 
decrease from last year’s total. 


also dropped slightly in usage: FORTRAN decreased 
by 2% to 50%, PASCAL by 3% to 48%. 

Usage gains, however, occurred in the less popular 
languages, such as COBOL and C. Rising to 38% usage 
from 25%, COBOL has apparently benefitted from 
growth in small-business-system applications. Also 
reflecting increased user interest, C usage has jumped 
from 16 to 20%. (This latter increase probably arises 
because of PASCAL’s standardization and portability 
limitations.) Another less popular language, FORTH, 
also reflects higher use: it has nudged upward to 13% 
usage from 11%. 


A look around the corner 

What do all these developments portend? During the 
1980s, VLSI manufacturing techniques will mature and 
permit the production of ~C chips with extremely high 
densities and many built-in processing functions. As 
these performance benefits slide into silicon, however, 
they will present users with untold operational prob- 
lems. Specifically, with the advent of additional uC 
processing parameters, functional modes and interface 


Next in popularity, FORTRAN and PASCAL have 


of an operating system; creates 
and destroys software processes 
used to implement abstract proc- 
esses 

Operating system—An organ- 
ized collection of procedures for 
operating a computer 

Overlaying—The technique of 
repeatedly using the same blocks 
of internal storage during different 
stages of a program; eg, when 
one routine is no longer needed, 
another routine can replace all or 
part of it 

Polling procedure—A routine 
for checking each I/O device se- 
quentially to determine whether it 
requires servicing 

Primitive—An operation pro- 
vided by a nucleus for use in 
synchronization 

Priority—A parameter desig- 
nating a task’s or process's rela- 
tive urgency 

Process—A computation that 
Can occur concurrently with other 
computations; an OS’s basic unit 
of computation 

Process - control block 
(PCB)—A data structure that 
uniquely defines a given process 

Program (code)—A set of in- 
structions that tells a computer 
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step by step exactly how to handle 
a job 

Re-entrant code—A program 
task or routine that can be execut- 
ed simultaneously by more than 
one process 

Relocation (dynamic)—The 
act of assigning absolute memory 
addresses when a program is 
loaded into memory 

Relocation (static)—The act of 
assigning absolute addresses at 
linking time 

Resource—Any device or item 
used by a computer, including 
areas of memory such as buffers 

Rotational ordering—A meth- 
od of organizing I/O requests to a 
disk to reduce total service time 

Segmentation—A technique 
for managing variable-sized areas 
of memory, termed segments, 
that contain logical program parts 

Service request—The appeal 
by a process or task for access to 
a system resource 

Single contiguous allocation 
—A memory-allocation scheme 
that assigns all available memory 
as one block 

Spin block—A loop created 
when a process keeps checking 
the state of a flag or status bit 


while waiting for an event to occur 

SPOOLing—Simultaneous pe- 
ripheral operations on line; used 
to convert a dedicated device into 
a shared one 

Swapping—A technique simi- 
lar to overlaying; involves moving 
processes between main memory 
and auxiliary storage in order to 
multiplex main memory 

Sysgen—System generation, 
the process by which an operating 
system is configured out of indi- 
vidual system components to ac- 
commodate a particular hardware 


_ configuration 


Task—A routine that forms the 
lowest self-contained unit of a job 
or process © 

Time slicing—A technique that 
shares »P time among several 
processes. The quantum of time 
allocated to a process is termed a 
time slice 

Transient area—The space in 
memory available for user pro- 
grams and system utilities 

Urgency—The degree to which 
a task or process requires atten- 
tion; determined by the task’s or 


process's priority 


Utilities—Routines used in 
housekeeping functions and I/O. 
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Leading support languages show 
no clear trends in preference 


multiplexing, users will face virtually insurmountable 
problems when coupling designs to the outside world. 
The solution? Future operating systems will be 
designed into VLSI devices and provide features and 
architectures that will insulate users from potential 
application pitfalls. According to Peter Palm, product 
marketing manager at Intel Corp, these OSs should 
provide modularity and configurability in the form of 
standard modules, layers and interfaces. For example, 


- AnICal ed 
ronvultanw. inc 


Intel’s iRMX86 operating system currently employs 
object-oriented common-format interfaces to its primi- 
tives to manage jobs, tasks and messages. At a higher 
layer, this operating system offers common device- 
independent interfaces to device drivers that handle 
smart floppy- and hard-disk controllers. For an operat- 
ing system with these built-in capabilities, VLSI 
implementation thus becomes merely a matter of 
improving manufacturing capability to a point where 
silicon fabrication becomes practical. 

At a still higher layer, operating systems will soon 
provide a universal development interface (UDI) to 
popular languages for program development. They will 
also furnish a universal run-time interface (URI) to 
execute these developed programs. Such standard 
interfaces will permit common pC support languages to 
run on top of any UDI/URI-compatible operating 
system. In other words, the interfaces will serve as a 
standard software bus for different languages and 
applications. 

Operating systems will also soon support local-area 
networks (such as Ethernet) and global-area networks 
(such as X.25). They will provide high-level data-link 


Operating systems come in three key types 


Influenced by its manufacturer’s FLEX and Bell Labs’s UNIX, the 
UniFLEX operating system from Technical Systems Consultants 
serves large multitasking and multiuser 6809- or 68000-uP-based 
systems. It supports a hierarchical file system, permitting ues of 1G 
bytes and disk capacities exceeding 8G bytes. 


interfaces to an Ethernet controller on the Multibus via 
an interprocessor protocol, for example, and support 
standard interfaces with standard modules. Such 
modules, layers and interfaces should pave the way to 
overcoming the potential problems of VLSI 
technology. EDN 


Reference 
Hemenway, J E, “EDN HC Operating Systems Directo- 


ry, Chapters 1 through 5, EDN, November 5, 1980, pgs 
275-300. 


Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 


This directory classifies OSs in 
terms of user function. A develop- 
ment OS, for example, produces 
software to run either on the host 
wC or on another target uC. The 
target need not incorporate the 
same uP type if the user develops 
the software by means of cross 
assemblers or compilers. Exam- 
ples of development OSs include 
Intel's ISIS, Omnibyte’s ODOS 
and Digital Research’s CP/M. 

A real-time or process-control 
OS governs industrial processes 
that place timing constraints on its 
responses: Interrupts from these 
external processes signal the uC 
system, and if the system doesn’t 
respond in a specified time, the 
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processes become impaired or 
degraded. Intels iRMX80 and 
IRMX86 exemplify such operating 
systems. 

General-purpose OSs usually 
deal with business or scientific 
applications. Digital Research’s 
CP/M, for example, finds use in 
word processing, accounts-re- 
ceivable generation and mailing- 
list maintenance. 

These OS categories are arbi- 
trary; many OSs in the directory 
provide capabilities in all three 
areas. Within each of the three 
categories, we list the operating 
systems in alphabetical order. 

Another classification cuts 
across the three categories: You 


can further describe an OS as 
a multiuser or single-user system. 

To evaluate any of these OS 
types’ suitability for your particular 
application, look at its ability to 
Carry out its primary management 
activities: allocating the four main 
system resources (processor 
time, memory, peripherals and 
files) on the basis of user needs 
and system capabilities. By fully 
understanding the management 
features and capabilities listed in 
the directory for each operating 
system, you can focus on a few 
solid candidates. Then contact the 
OS manufacturers for decision- 
making details. 
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EDN »C OPERATING SYSTEMS DIRECTORY 


8-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
8080/8085/Z80 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: August 1979 
uae — PRICE: $150 
Digital Research Inc SUPPORT LANGUAGES: 8080 and Z80 assemblers; APL, BASIC, 
Box 579 FORTH and LISP interpreters; BASIC, FORTRAN, C, PASCAL, PL/I 
Pacific Grove, CA 93950 and COBOL compilers 
Phone (408) 649-3896 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 20k bytes RAM, console and floppy- or hard-disk drive 


ne “printers, floppy an nd a : : 


and spooling 
le devices 


DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: 1977 

PRICE: $735 
Data General Corp SUPPORT LANGUAGES: Macro assembler, BASIC and Business 
4400 Computer Dr BASIC interpreters, FORTRAN IV compiler 
Westboro, MA 01580 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Phone (617) 366-8911 LANGUAGE SYSTEM: Macro assembler 

NETWORK SUPPORT: X.25, Bisync, HASP and RJE-80 protocols 


SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 
cubisaloadte HARDWARE NEEUEe: 64k zh ae RAM, console and disk or disketle drive 


ng ng constructs ‘ 
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Now the logic is clear... 
B&K-PRECISION is the new 


choice for logic analyzers. 


Announcing a new line of logic analyzers 
ready to face all comparisons. 


The very latest word in logic analysis is 
Ba B&K-PRECISION. Not just another “L-A” 
| line, B&K-PRECISION’s new instruments 
offer real user advantages. 


Both new analyzers, the LA-1020 and 
LA-1025, are 16 channel, 20MHz 
instruments. In addition to logic analysis, the 
LA-1025 “Digital Systems Analyzer” offers 
the added capability of signature analysis. 
Signatures are displayed in industry-accepted 
coding for modified hexadecimal format. The 
LA-1025 is also capable of recording the 
occurrence of unstable signatures. 


An important feature of both instruments is 
the ability to present data in both state and 
time domain formats. State data is formatted 
in a user selected code... binary, octal, 
decimal or hexadecimal and displayed via the 
integral 12-digit LED display. Timing 
diagrams of 16 channels by 16 words can 
be displayed on most oscilloscopes. 


The front panel controls provide 
excellent interactive capability, and 
complete control over a powerful 
measurement system. After 
hearing industry complaints 
of unnecessarily complex 
logic analyzer operation, 
B&K-PRECISION 
engineers devoted a 
considerable amount of 
design time to 
maximizing the 
instruments’ ease-of-use 
and efficiency. The results are 
impressive. Not only is set-up time faster 
than on competitive instruments, but the new 
B&K-PRECISION instruments reduce the chance 
of user set-up errors. 


Model LA-1020 #2075 ModelLA-1025 #2475 


For free demonstration Circle no. 68 
For additional information Circle no. 69 


A new trigger system was developed for these 
instruments. An 18-bit pattern recognition trigger is 

‘used to initiate storage into the 16-bit x 250 word 
system memory. Sixteen qualifiable channels are 
featured, plus two additional qualifiers to aid in 
meeting unique trigger requirements. Convenient 
front panel switches select a logic 1, 0 or “DON’T 
CARE?” for all 18 inputs. 


Trigger event and/or clock delays can be rapidly set 
from 0 to 999. The trigger word may be located 
anywhere within the 250 word memory. This 
provides PRE, POST and variable PRE/POST 
trigger recording. 


The LA-1020 and LA-1025 interface to the circuit 
under test through two Model LP-1, TTL 
compatible, probes or LP-2 CMOS probes. Trigger 
capability can be increased to 34 qualifiers by 
adding the optional LP-3 qualifier expander probe. 


An event pulse-output is provided on both 
analyzers, allowing interconnection of two units to 
expand system versatility to 32 channels, 67 
qualifiers, at speeds to IJOMHz. 


B&K-PRECISION’s LA-1020 and LA-1025 are 
available now for delivery or demonstration. If 

you re currently using logic analysis or considering 
a system, call B&K-PRECISION toll-free at 
800/621-4627 for a no-obligation demonstration. It’s 
the only way to see the clear choice. 


For service applications, 
the SA-1010 

Signature Analyzer 

is the time saving choice. 


Model SA-1010 #825 ee 


(Price includes a set of user ordered o 
probes, additional probes available a. 
as accessories). 


> DYNASCAN 
CORPORATION 


6460 W. Cortland Street » Chicago, IL 60635 « 312/889-9087 
International Sales, 6460 W. Cortland Street, Chicago, IL 60635 « Canadian Sales, Atlas Electronics, Ontario 
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8-BIT CPU DEVELOPMENT 
Z80 OPERATING SYSTEM 


ISS* 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: April 1981 
PRICE: Bundled with hardware 


Xycom Inc TARGET MODEL: Xycom 180, 280, 380 and 390 uC boards and 
750 N Maple Rd packages 
Saline, Ml 48176 SUPPORT LANGUAGES: Z80 and Z8000 assemblers, PASCAL and 
Phone (313) 429-4971 FORTRAN 77 compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
. LANGUAGE SYSTEM: Assembler and PASCAL 
SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: Bisync 


ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 60k bytes RAM in development system, 16k bytes RAM in target system, keyboard, CRT and dual floppy-disk drives 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: up to 250 tasks can start/stop/suspend other tasks @ Single contiguous allocation 
via intertask communication @ Overlays 


@ Multiprocessing: up to seven processors using software- @ Static and dynamic relocations 

controlled bus lock, unlock and timeout instructions in CPU @ Binding during linking time 

hardware : @ Memory protection 
@ Synchronizing schemes: regions and events (can implement 

user’s monitors) FILE MANAGEMENT 

@ Named file system 
PERIPHERAL MANAGEMENT @ Sequential, contiguous and random organizations 

@ Supports CRTs, character and line printers, floppy-disk drives @ Allocation type: single contiguous | 

and modems - 
@ Provides device independence and DMA COMMENTS: *ISS (Industrial Software System) is UCSD-PASCAL 
e Uses interrupts and I/O multibuffering compatible / 
@ Accommodates up to four floppy-disk drives 

CIRCLE NO 715 


8-BIT CPU 
Z80/8080/8085 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


V/OS 


RELEASE DATE: August 1977 


PRICE: $225 
InfoSoft Systems Inc TARGET MODEL: Z80/8080/8085 
25 Sylvan Rd South SUPPORT LANGUAGES: SAL/RLASM and Intel- and Zilog-type 
Westport, CT 06880 assemblers; BASIC, MBASIC, FORTH, PILOT and MUMPS interpret- 
Phone (203) 226-8937 ers; BASIC, FORTRAN, COBOL, PASCAL, C and RATFOR compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: Asynchronous protocols 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 24k bytes RAM, 80k bytes floppy disk and terminal 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ System vs User mode @ Single contiguous allocation 
@ Multitasking: dual tasks handle program and spooler @ Overlays with program loader 
@ Multiusage: structured with task-scheduler modules ® Chaining 
@ Multiprocessing: via communications network ® Static relocation 


@ Binding during linking time 
FILE MANAGEMENT 


PERIPHERAL MANAGEMENT 
@ Supports CRTs, character and line printers, floppy- and 


cartridge-disk drives and modems e Named file system (CP/M compatible) 
e Provides spooling, DMA and device independence at link-library ® Sequential and random organizations 
level ® Module available for ISAM 
e Uses interrupts and /O multibuffering ° Allocation type: extents 
e Accommodates up to 15 disk drives, 65M bytes each, with ® Can access file system from HLL containing constructs 


table-driver handler 
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Metallized stacked-fiim capacitors 
from a NEW prime source: Sprague. 


Type 451P standard design now available for automotive, EDP, 
telecommunication, TV, instrumentation, and industrial control. 


There are good reasons for using metallized while insulating plates provide mechanical protec- 
polyester stacked-film capacitors: high volumetric tion. Type 451P capacitors are available with capac- 
efficiency, low self-inductance, and high voltage itance values ranging from .001 mF to 2.2 wF and 
stress capability—p/us great suitability for printed with voltage ratings of 100, 250, and 400 WVDC. 
wiring boards. Small base dimensions and unen- Capacitance tolerance of +10% is standard ... 
capsulated construction keep size to a minimum, +5% can be ordered at a modest premium. 


4SP-0110R1 


SPRAGUE 


For detailed technical data, write for Engineering Bulletin 2056 to 
Technical Literature Service, Sprague Electric Co., 491 Marshall St., 
North Adams, Mass. 01247. 


THE MARK OF RELIABILITY 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
a subsidiary of GK Technologies 
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EDN »C OPERATING SYSTEMS DIRECTORY 


8-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
8086/8088 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: June 1981 
on ! PRICE: $6000 plus use royalty of $300 
Intel Corp TARGET MODEL: All 8086/8088 ,P types 
5200 NE Elam Young Parkway SUPPORT LANGUAGES: ASM assembler; PL/M, PASCAL and 
Hillsboro, OR 97123 FORTRAN compilers - 
Phone (503) 640-7147 SYSGEN PROGRAM: Yes SOURCE CODE: Yes ($5000 for listings) 
LANGUAGE SYSTEM: PL/M and assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, iAPX 86 processor, 8224 clock ladle ii timer and 8259A interrupt controller 


PROCESSOR ee eeemcewen 


other tasks ia bnatiask communication e Segmentatic 
° op piesa a ae Apidos mailbox and regions @ Static relocatic 


8-BIT CPU 
Z80A 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
} OPERATING SYSTEM 


KOS 5.2* | 
RELEASE DATE: May 1981 
PRICE: Depends on configuration 


Kontron Electronics Inc TARGET MODEL: PSI 80 
630 Price Ave . SUPPORT LANGUAGES: Z80, 8080 and 8085 assemblers; BASIC 
Redwood City, CA 94063 interpreter; BASIC, FORTRAN, PASCAL, COBOL and FORTRAN 
Phone (415) 361-1012 compilers; FORTH 
SYSGEN PROGRAM: Not required** SOURCE CODE: No 
LANGUAGE SYSTEM: Z80/ASM code 
SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: Yes 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM, 16k bytes video-refresh meno: video controller and floppy-disk controller 


PROCESSOR ALLOCATION/MANAGEMENT 3 MEMORY MANAGEMENT a 
e Multitasking: single foreground task, up to 10 background tasks @ Overlays 
® Binding during loading time. 


PERIPHERAL MANAGEMENT 

@ Supports CRTs, character and line printers, floppy- a FILE MANAGEMENT © 

hard-disk drives and modems e Named file system 

@ Provides device Independence, DMA and spooling @ Random organization _ 

@ Uses interrupts | © Allocation type: linked list of ; Ss 
_@ Accommodates a mix of 5M- and 10M-byte Winchester drives e Can access file system from HLL 


COMMENTS: *KOS 5.2 is CP/M satis 


and 5%-in. fT drives 
: dynamically allocated and barnes 
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FEATURES 
e Accomodates 4096 tasks. 
e Priority scheduling algorithm. 


e Interrupt-controlled input/output. 


e Input/output drivers: Console 
Driver is standard. Other drivers- 
Line Printer, Floppy Disk, and 
Interphase SMD - available as 
options. 


e MTOS-86MP handles up to 16 
(8086 and 8088) processors on 
Multibus. Programs written as 
if single processor is used. 
Can be used so as to minimize 
contention for shared memory. 
To the programmer MTOS-86 
and MTOS-86MP are identical: 
only the MTOS 

knows how ma- 

ny CPU boards 

are present. 


e Memory mana- 

gement: Allows 

up to 32 memory 

pools whose spa- 

ce can be alloca- 

ted and deallocated as required. 


e Dynamic debugging package: 
Allows user to set break points; 
inspect and change memory, 
and control task execution. 


e PL/M interface: Full services 
available to user programs writ- 
ten in PL/M language. 


e Configurability: Runs on any 
8086/8088 configuration. Only 
hardware required is clock for 
periodic interrupts. 


e Compactness: MTOS-86 re- 

quires 8KB of storage; MTOS- 
86MP requires 10KB. (drivers, 
file system, require additional 
storage). 


100 Jericho Quadrangle 
Jericho, New York 11753 


SERVICES 


eAllocate (de-allocate) 
memory block 


eEnter or exit controlled program 
eChange priority 

ePerform discrete I/O 

ePause for a given time 

eCancel pause 


eTerminate task with 
timed re-start 


TIMINGS FOR SERVICES 
IN MILLISECONDS 


Allocate memory block....... 0.46 


Send message............... 0.48 


Receive message............ 0.54 
Release memory block....... 0.56 
PAUSe 2 ec ncin oes eeascentaen 0.48 
DISCIEtE 11O iss scccecnteeeess 0.44 
Test semaphore 


Change priority.............. 0.48 


™ 


eTerminate task with no re-start 
eStart task; queue task if active 
eStart task if dormant 

eSend message to mailbox 
eReceive message from mailbox 
eSet (reset, test) event flag group 


eSet event flag group after 
elapsed time 


eWait for event flags to be set 
eSet (reset, test) semaphore 
eRequest I/O 

eGet Date and time 

eSet Date and time 


Programming Inc. 


J ‘ Industrial 
Software gral since 1963 


LANGUAGE 
All MTOS products are distributed 
in source program form. 


LICENSING POLICY 

A licensee is entitled to embed 
object versions of MTQS in 
licensee’s products without 


: further charge. 


Other members 
of the MTOS family are 


MTOS-68, MTOS-80, 
MTOS-80MP, MTOS-68K 


PL/M and Multibus are trademarks 
of Intel Corporation. 


(516) 938-6600 Telex: 429808 


BETEA S.A., Chaussee de Louvain, 775, B-1140 Brussels, Phone: (02) 736 80 50, Tix 846-23188 


CELDIS SA, 53 Rue Charles Frerot, 94250 Gentilly, Phone: 546.13.13, Tlx 842-200485 


ALFRED NEYE-ENATECHNIK, Schillerstrasse 14, 2085 Quickborn (Hamburg), Phone: 041 06 / 612-240, Tix 841-213590 
SARAS ELECTRONICS, N-47, Greater Kailash—1, New Delhi— 110048, Phone: 698074, Tlx 011-3532 


CONTAHAL LTD., 54 Ibn Gvirol St., Tel Aviv, 64364, Phone: (03) 269 379, Tlx 922-33654 


TOKYO ELECTRON LIMITED, Shinjuku Nomura Bldg. 1-26-2 Nishi-Shinjuku, Shinjuku-Ku, Tokyo 160, 


Phone: 03-344-5893, TIx 781-2322240 


C.N. ROOD B.V., Cort v.d. Lindenstraat 11-13, Postbus 42, 2280 AA Rijswijk, Nederland, Phone: 070-996360, TIx 844-31238 
FRONTEC MICRODATORCENTRUM AB, Box 204, Malmvagen 28, Sollentuna, Sweden, Phone: 08-359360, TIx 854-15130 


XMIT AG, Bellikonerstrasse 218, CH-8967 Widen, Phone: 0057-54656, TIx 845-59955 


HAWKER SIDDELEY DYNAMICS ENGINEERING LTD., Manor Road, Hatfield, Herts. AL10 9LP, Phone: (7072) 73439, TIx 851 -24835 
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LZ 


8/16-BIT CPU 
8 wCs, pPs* 


DEVELOPMENT 
OPERATING SYSTEM 


MICRO COBOL BOS 


CAP-CPP Services Inc 
521 Fifth Ave — 

New York, NY 10175 
Phone (212) 599-7000 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Partially 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: November 1978 

PRICE: From $600 

TARGET MODEL: >10 processor types 

SUPPORT LANGUAGES: Most processors’ assemblers; 
COBOL compiler 

SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Micro COBOL plus assembler 

NETWORK SUPPORT: Yes 


Micro 


MINIMUM HARDWARE NEEDED: 48k bytes RAM, 250k bytes each in dual floppy-disk drives and hard copier 


PROCESSOR ALLOCATION/MANAGEMENT 
Multitasking: foreground/background tasks can_ start/stop/ 
suspend other tasks via job management and _intertask 
communication 
Multiusage: hardware dependent 
Multiprocessing: hardware dependent 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers, floppy-, hard- and 
cartridge-disk drives and modems 
Provides device independence, DMA and spooling 
Uses interrupts and !/O multibuffering 
Accommodates a mix of floppy- and hard-disk drives 


DEVELOPMENT 
OPERATING SYSTEM 


8-BIT CPU 
8080/8085/Z80 


MP/M Il 


Digital Research Inc 
Box 579 

Pacific Grove, CA 93950 
Phone (408) 649-3896 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 


MEMORY MANAGEMENT 
Single contiguous allocation and overlays 
Swapping, chaining and segmentation 
Static and dynamic relocations 
Binding during linking time 
Memory protection 
FILE MANAGEMENT 
Named file system | 
Sequential, contiguous and random organizations 
Indexed sequential access method (ISAM) 
Can access file system from HLL containing constructs 
Password/security protection 
Database management 


COMMENTS: *Series/1, LSI-11, 8080, 8085, 8086, Z80, 6800, 
9900 and 68000 — 
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GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


RELEASE DATE: August 1981 

PRICE: $400 

SUPPORT LANGUAGES: 8080 and Z80 assemblers; APL, BASIC, 
FORTH and LISP interpreters; BASIC, C, COBOL, FORTRAN, 
PASCAL and PL/I compilers 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: Yes 


SOURCE CODE: Yes 


MINIMUM HARDWARE NEEDED: 32k bytes RAM (master station), console, floppy- or hard-disk drive and real-time clock 


PROCESSOR ALLOCATION/MANAGEMENT 
@ Multitasking: unlimited number of tasks can start/stop/suspend 
other tasks via queue-based intertask communication 
@ Multiusage: 16 users 
@ Synchronizing schemes: flags, queues and poll list 


PERIPHERAL MANAGEMENT 


Supports CRTs, character and line printers, floppy- and 
hard-disk drives, modems and magnetic-tape drives 

Provides device independence, DMA and spooling 

Uses interrupts and !/O multibuffering 

Accommodates a mix of mass-storage devices via table-driven 
disk definition 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Chaining and segmentation 
®@ Static and dynamic relocations 
@ Memory protection 


FILE MANAGEMENT 
e Named file system 
Sequential and random organizations 
Allocation type: extents 
Can access file system from HLL containing constructs 
Password/security protection 
Time and date stamping on files 
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SPI’s 74LS Devices In CMOS on the future, you can design in the building 
blocks for tomorrow's high- speed, low- POS 

SPI gives you 20 new reasons to celebrate. CMOS systems. 

If you’re a system designer, you know that | Put SPI’s CMOS 74SC products to work in 
CMOS is the process of the 80s. And SPI is the existing applications where high-noise immunity — 
CMOS innovator. We’ve taken 20 of the most and/or low power is desirable. And that's just 
popular 74LS devices and manufactured them in the beginning. 

CMOS — to give you low power and increased 
system performance. | On The Shelf Now 

Our 74SC components are pin-for-pin compat- - | 

ible, direct plug-in replacements for low power You can start using SPI’s CMOS 74SC prod- 


Schottky devices. But 

you also get the 

_advantages of oa 
CMOS: signifi€ant- 

ly lower power, 

higher noise im- 


i ucts today pecalse they're 
l 


1h SCin Ch 
-~ SPI — don't settle for 
anything less. Put © 
more into your sys- 


munity, full TTL : gy = ; tem right now and 
compatibility (input y gt’ uae : tay ahead with SPI 
and output) and the | Oh) ie a ” MOS — the proc- 
same high speed. — —— 3 : ey ess of the 80s. 


Call or write SPI 


Best of all, they ; 
for more information, 


available now at prices th ; 


will surprise you. ee . : before your competition does. 
e * SP74SC137__ 1 of 8 Inverting Decoder = * SP74SC374 Octal D-Type Flip-Flop 
SPI CMOS Makes It Possible with Input t atchiee « SP74SC533 Octal Inverted Output, 
« SP74SC138 1 of 8 Inverting Decoder apiece bane a 
: : . : * SP74SC139 Dual 1 of 4 Inverting « SP74SC534 Octal Invert itput, 
Our 74SC devices are fabricated using a propri- Decoder D'Type Flip-Flop 
‘ ‘ ; as « SP74SC237 1 of 8 Decoder with ¢ SP74SC540 Octal Buffer 
etary selective oxidation silicon gate process we iapot Latches . SP74SC541 Octal Buffer 
« SP74SC238 1 of 8 Decoder * SP74SC563. Octal Inverted Output, 
call . CMOS. It’ S pgs peers technol- « SP74SC239 Dual 1 of 4 Decoder betel atts Latch 
- « SP74SC240 Octal Inverting Buffer ¢ SP74SC564 Octal Inverted Output, 
ogy ae We St in out att I 00 “gate uncom « SP74SC241 Octal Buffer D-Type Flip-Flop : 
mitted logic arrays, SO you know it’s been proven ° ace Octal Buffer . Sakepoel es a Lees Le 
° . * SP74SC245 Octal Tr * SP74SC574 tal D- Flip-F1 
where it counts — in the field. oo A ee 


SPI’s new family of 74SC components covers © 
the range of the most widely used devices. De- | SPI 
coders. Multiplexers. Octal drivers. ‘Transceivers. SEMI PROCESSES INC. 
Flip-Flops. Latches. All are direct plug-in replace- —_1885 Norman Avenue, Santa Clara, CA 95050, Tek: (408) 988-4004 
ments designed to solve marginal performance eee ae 


F ee : : SPI in Europe: Semi Processes Inc., Austin House, South Bar, Banbury, Oxfordshire, 
problems in existing designs. Or, with an eye England, Tel: (44)-295-61138 ‘Telex: 837594 


CIRCLE NO 50 


EDN »C OPERATING SYSTEMS DIRECTORY 


16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
8086 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: September 1981 
PRICE: $400 = Posten 
igi SUPPORT LANGUAGES: 8086 ASM, PL/I, BASIC, F RAN, 
eee =oras COBOL, PASCAL and FORTH 
Pacific Grove, CA 93950 SYSGEN PROGRAM: Yes SOURCE CODE: No 
Phone (408) 649-3896 LANGUAGE SYSTEM: 8086 ASM 
NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM, console, floppy- or hard-disk drive and real-time clock 


R ALLOCAT ION/MANAGEMENT MEMORY MANAGE|N 
ng: unlimited number of tasks can start/stop/suspend e@ Dynamic 
3 queue-based intertask communication e Chaining ; 
e256uses 
ng sc heme: flags, ‘queues and poll list 


MAI : IAGEMENT , 
A haracter and line printers, floppy- and © 
10dems and magnetic-tape drives 
independence, DMA and spooling 
and. /O multibuffering 
es 6 a mix Of mass-storage devices via table-driven 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


DEVELOPMENT 
OPERATING SYSTEM 


16-BIT CPU 
Nova 4/Micronova 


RELEASE DATE: May 1979 


PRICE: $1995 
Data General Corp TARGET MODEL: DG MP/100/200, MBC/2/3 
4400 Computer Dr SUPPORT LANGUAGES: Macro assembler; MP/PASCAL and MP 
Westboro, MA 01580 FORTRAN IV compilers 
Phone (617) 366-8911 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 


LANGUAGE SYSTEM: Macro assembler and MP/PASCAL 
NETWORK SUPPORT: Asynchronous and bisynchronous drivers 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 2k bytes RAM, 4k bytes PROM, for development system-—64k bytes RAM, console and floppy disk or diskette 


) | ALLOCATION/MANAGEMENT _ MEMORY MANAGEMENT ~ 
g: up to 256 tasks can start/stop/suspend other tasks ® Overlays 
communication Swapping and chaining | 
via multitasking (application dependent) e Segmentation and static wlocalions 
zing schemes: semaphore and mailbox Binding during ve time 7 


_ Memory protection — . 

t/ \L MANAGEMENT 

CRTs, character and line printers, floppy- and FILE MANAGEMENT | 

Ige-disk drives, modems, magnetic-tape drives and @ Named file system and multilevel directory 
ronous and asynchronous ports @ Random organization 

es device independence and DMA @ Indexed sequential access method (ISAM) 
nterrupts and |/O multibuffering Allocation type: indexed/element structure | 
dates a mix of mass-storage devices by supporting up Can access file system from HLL containing constructs 
erat eamtioliers 


COMMENTS: MP/OS is compatible with AOS on Eclipse pr 
AOS/VS on MV/8000 32-bit Eclipse systems. i 
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GET IN ON THE 


"Gadd d Geld Oe 
oad 


aries will be awarded for 

: : applications in each of three 
Applications fora major categories: 

chance at Big Prizes! 1. A/D and D/A Converters 
just for entering! 


2. Analog Multiplexers 
Computers. Video Cassette 


3. Operational Amplifiers 
The better the Analog application, the 
Recorders. Calculators. The 
Gator is giving ’em away. Be- 


bigger the prize. And final judging wiil 
be conducted by a blue ribbon panel of 
cause Harris wants to see how 
your systems designs use Harris 


editors. Sorry, Harris employees not 
Analog products to best 


eligible for this contest. 
advantage. Analog products 
like our high speed A/D and 
D/A converters, high perfor- 
mance Analog multiplexers, 
and the industry’s most exten- 
sive line of precision opera- 
tional amplifiers. 

Whatever the application, if 
your design makes optimum use 
of the special features of these 
Harris Analog products, we’d like 
to see it. And the Gator will send 
you a free Analog ‘‘Swamp Fever’’ 
T-shirt just for entering the contest. 


Get in on the Great Gator Give- 
Away! Our Analog Applications 
Contest Kit gives you all the 

details, plus a super Gator poster. 
Send for yours today... 


OK, Harris! 
Put an Analog Applications 
Contest Kit in the mail for me: 


NAME 
TITLE 
COMPANY 
DEPT./DIV. 
ADDRESS 
cliy... LCC _(aN#]UNS SIAIE..UZTE 


‘‘Great Gator Give-Away’’ 

Harris Corporation 

Analog Products Division 

Box 883, Melbourne, Florida 32901 
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DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


8-BIT CPU 
Z80 


MSOS 


RELEASE DATE: January 1978 


PRICE: $900 
Monolithic Systems Corp TARGET MODEL: MSC 8001/8004/8007/8009 
14 Inverness Dr SUPPORT LANGUAGES: MSC assembler 
Englewood, CO 80112 SYSGEN PROGRAM: No SOURCE CODE: Yes 
Phone (303) 770-7400 LANGUAGE SYSTEM: Z80 assembly 


NETWORK SUPPORT: No 


SYSTEM RESIDENCY: EPROM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, CPU and floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e System vs User mode @ Single contiguous allocation 
@ Swapping and chaining 
PERIPHERAL MANAGEMENT @ Static and dynamic relocations 
e Supports CRTs, character and line printers and floppy-disk e Binding during assembly/compilation time 
drives @ Memory protection 
e@ Provides device independence 
e Uses interrupts and |/O multibuffering FILE MANAGEMENT 


@ Named file system 
Multilevel directory 
Sequential organization 
Indexed sequential access method (ISAM) 
Allocation type: linked list of sectors 
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16-BIT CPU 
8086/Z8000/68000 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


MSP/8086/Z8000/68000 


RELEASE DATE: January 1981 


PRICE: $900 
Hemenway Associates Inc TARGET MODEL: Various a. 
101 Tremont St SUPPORT LANGUAGES: Macro assembler and linking loader: 
Boston, MA 02108 PASCAL/I compiler; BASIC and FORTRAN 
Phone (617) 426-1931 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 


LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: Ram and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM, console, real-time clock and floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e System vs User mode @ Overlays 
@ Multitasking: unlimited number of tasks can start/stop/suspend @ Chaining and static relocation 
other tasks via intertask communication @ Segmentation (depends on processor) 
@ Synchronizing schemes: mailbox and monitors @ Binding during linking time 
@ Memory protection (depends on hardware) 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 


Cartridge-disk drives, modems, magnetic- and paper-tape drives @ Named file system 
and other devices via suitable device drivers @ Sequential and random organizations 
@ Provides device independence, DMA and spooling @ Allocation type: linked list of sectors 


@ Uses interrupts and I/O multibuffering 
e Accommodates a mix of floppy- and hard-disk drives 


Can access file system from HLL containing constructs 
Password/security protection 
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We've extended the 


capacitance 


of our NPO 


Capacitors 


(And reduced the prices) 


Vitramon, Incorporated has taken a bold 
step to curb inflation and lower your 
component costs. 

We've increased the capacitance 
ranges of our NPO monolithic ceramic 
chip and “VP” Radial-lead Capacitors — 
and reduced prices below 1980 levels. 


the next step by calling us for a quotation 
or free catalog. 

You'll find it hard to beat our combina- 
tion of extremely high quality, increased 
Capacitance and lower pricing. 


(So you'll receive more capacitance for nee Eero: Nee Sree) ees 
your money.) “yp” VP12. 100 _—+'1-1800 1-3900 

A new, high-quality dielectric system Radial- VP12 50 2000-3900 100-4700 
has enabled us to increase the capaci- VP22 100 = 180-1800 10-3900 
tance ranges from 50% to 160% on our Lead . es ene penal ; 
11 body sizes of “VEE JEM” NPO Chip VP23 50 11,000-15,000  4700-22,000 
Capacitors. The versatile “VP” Ceramic 
Capacitor series is also available with CHIP VJ0504 10-150 1-390 
similar capacitance increases. VJ0805 1-680 1-1000 

For example, the smallest chip body VJ0905 10-680 Ue peinie 
size was increased from 150 pF to 390 renee see es papi 
pF — the largest from 18,000 pF to VJ1805 620-1600 180-2700 
27,000 pF. VJ1210 1300-3900 220-4700 

The NPO is the most stable dielectric VJ1808 1500-3900 680-5600 
used in monolithic ceramic capacitors: es eae acd as ae : 
a0 +30 ppm/°C T.C., a maximum VJ2224 6800-18,000 - 1200-.027 UF 


dissipation factor of 0.1% — virtually no 
Capacitance change when subjected to 
voltage, frequency, temperature or time. 
We've taken the first step in curbing 
your component costs. You can take 


Vitramon North America 

Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel: (203) 268-6261 


Jitu 


Vitramon France S.A.R.L. (Paris) 
Vitramon Pty. Limited (Sydney) 
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Vitramon Japan Limited (Tokyo) 
Vitramon do Brasil Ltda. (Sao Paulo) 


Vitramon Limited (London) 
Vitramon GmbH (Stuttgart) 
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DEVELOPMENT 
OPERATING SYSTEM 


8/16-BIT CPU 
8080/68000 


MULTI-FORTH 


Creative Solutions Inc 
14625 Tynewick Terrace 
Silver Spring, MD 20906 
Phone (301) 598-5805 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, one floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT 
System vs User mode 
Multitasking: up to 64 tasks can start/stop/suspend other tasks 
via intertask communication 
Multiusage: up to 10 users, with 512 bytes (min) RAM per user 
Synchronizing schemes: semaphore, mailbox and monitors 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers, floppy- and 
hard-disk drives, modems and magnetic-tape drives 
Provides device independence and spooling 
Uses interrupts and 1/O multibuffering 
Accommodates a mix of mass-storage devices via virtual 
disk-access scheme _ 


8-BIT CPU 
2Z80/8080/8085 


DEVELOPMENT 
OPERATING SYSTEM 


‘MULTI/OS 


InfoSoft Systems Inc 
25 Sylvan Rd South 
Westport, CT 06880 
Phone (203) 226-8937 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


EDN »C OPERATING SYSTEMS DIRECTORY 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: December 1979 

PRICE: $1500 to $5000 

SUPPORT LANGUAGES: 8080 and 68000 assemblers; FORTH 
contains interpreter and compiler 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: FORTH 
NETWORK SUPPORT: Yes 


SOURCE CODE: Yes 


MEMORY MANAGEMENT 


® Single contiguous allocation 
Overlays 
Swapping and chaining 
Binding euing weg eieerpiaton, linking and loading times 


FILE MANAGEMENT > | | 
® Named file system and d muliievel directory 
Sequential, contiguous and random organizations 
Allocation type: single contiguous 
Can access file system from HLL containing constructs 
Password/security preeation 


CIRCLE NO 724 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


RELEASE DATE: June 1981 

PRICE: $900 

TARGET MODEL: Z80/8080/8085 

SUPPORT LANGUAGES: SAL/RLASM and Intel- and Zilog-type 
assemblers; BASIC, MBASIC, FORTH, PILOT and MUMPS interpret- 
ers; BASIC, FORTRAN, COBOL, PASCAL, C and RATFOR compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler and C 

NETWORK SUPPORT: Asynchronous protocols 


MINIMUM HARDWARE NEEDED: 48k bytes RAM, 160k bytes floppy disk and terminal 


PROCESSOR ALLOCATION/MANAGEMENT 
@ System vs User mode 
@ Multitasking: 1 to 16 tasks 
@ Multiusage: console programs or background phantom jobs 
@ Multiprocessing: via communications network 


PERIPHERAL MANAGEMENT 
e@ Supports CRTs, character and line printers, floppy- and 
_ Cartridge-disk drives and modems 
@ Provides spooling, DMA and device independence at link-library 

level 

e@ Uses interrupts and |/O multibuffering 
e Accommodates up to 15 disk drives, 65M bytes each, with 
- table-driven handler 


MEMORY MANAGEMENT 

@ Multiple contiguous allocations 
Overlays with program loader 
Chaining 
Static or load-time relocation 
Binding during ae time 


FILE MANAGEMENT 

Named file system (CP/M compatible) 

Sequential and random organizations with sub-directories 
Module available for ISAM 

Allocation type: 1k, 2k, 4k or 8k clusters 

@ Can access file system from HLL containing constructs 


®@ @ 
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Free RCA Seminars: 
Powerful ideas for you on 


High-speed Power Switching 
and Power MOS/FETs. 


The Power Seminars have been 
specifically designed for applications 
and design engineers. And they'll be 
conducted by experienced RCA 
engineers. 


the ; 
expanding 
power 


Free Literature. 

Each attendee will receive an 
illustrated copy of the presentation, 
anew short form data book and three 
new brochures on seminar subjects, 


spectrum / 


The objective: to give you all the 


information you need to choose the 
optimum power devices for your 


plus applicable data sheets. 
Agenda. 
These seminars will be held from 


applications. 1:00 through 5:00 P.M., followed by a 
Here’s what will be covered: get-acquainted cocktail hour. 
(1) SwitchMax. Reserve space now. 


e Automatic High Temperature 
Dynamic Testing 

@ Inductive Switching SOA (Sate 
Operating Area) 

@ Trends in Switching Power 
Supply Designs 

e Extensions of HF Power 
Switching techniques to new areas of 
interest (e.g., motor drives, welders, 
ultrasonics) 


@ Bipolar and MOS/FET Compar- 
isons (Economic Ramifications) 


Don't miss this opportunity to get 


some powerful design ideas. Free. 


e Power MOS/FET Applications 
@ RCA MOS/FET Product Line 


Seminar schedule 


To make your reservation call the 
local co-sponsoring distributor listed 
in the seminar schedule. 


e New SwitchMax Products Co-sponsor/ Distributor 
e New QPL (Government) Types Location Date Distributor Contact | Phone 
‘ Long Island, NY Sept.15 = Schweber Alex Artesani 516-334-7474 
(2) High-speed SCRs. North Jersey, NJ Sept.16  Schweber Steve Fetics 201-227-7880 
e Fast Recovery SCRs Boston, MA Sept.17 — Sterling Don Adams 617-894-6200 
® Asymmetrical SCRs Cincinnati/Dayton, OH Sept.22 Arrow Sue Littley 513-435-5563 
e |TRs/RCTs meh MI Sept.23  Schweber John Sutterlin 313-525-8100 
oe eveland, OH Sept.24 Arrow Jim Marrie 216-248-3900 
e SCR Current Capability Danbury, CT Oct. 1 Schweber Kaki Schumacher 203-792-3500 
@ Device Parameters Which Are Philadelphia, PA Oct. 5 Schweber Holly Fonarow 215-441-0600 
Ted Baltimore/Washington Oct. 6 Schweber Linda Mitchell 301-840-5900 
ith rat for se ergy Efficient Minneapolis, MN Oct. 13 Arrow Steve Turner 612-830-1819 
Ign-Trequency INVerers Milwaukee, WI Oct.14 Taylor Mary Houle 414-241-4321 
@ Switching Dissipation Chicago, IL Oct.15  Hamilton/Avnet — Darlynne 312-860-7780 
e Typical Commutation (Turn-off) Santa Clara, CA Oct. 19 Wyle Rich Cimino 408-727-2500 
Techniques Los Angeles, CA Oct. 20 Schweber Bob Rodrique 714-556-3880 
; Orange County, CA Oct. 21 Marshall Liz D'Amico 714-556-6400 
e Typical Sinusoidal Inverters San Diego, CA Oct.22 = Arrow Carol Dixon 714-565-4800 
® Typical Non-sinusoidal Inverters Atlanta, GA Oct. 27 Arrow Jerry Bokus 404-449-8252 
* Motor Speed Contos suger aR Moa Sesaat 
(3) Power MOS/FETs. Denver, CO Nov.9 Wyle Mike Jaques 303-457-9953 
@ Historical Review of Power Kansas City, MO Nov.10  Hamilton/Avnet LeannaEberenz 913-541-7921 
MOS/FETs Houston, TX Nov. 11 Schweber Ron Williams 713-784-3600 
Dallas, - TX Nov. 12 Sterling Liz Leonard 214-243-1600 


e Power MOS/FET Design 
Technologies 


For RCA CMOS 1800-series microprocessor seminars and workshops, call (800) 526-3862. 


(In New Jersey call 201-685-5533.) 


RCA Solid State headquarters: Somerville, NJ. Brussels. Sao Paulo. Hong Kong. 
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EDN wC OPERATING SYSTEMS DIRECTORY 


8-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
Z80 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


OASIS RELEASE DATE: November 1979 
PRICE: $850 
TARGET MODEL: Z80 
ae lo are Sue 830 SUPPORT LANGUAGES: Z80 macro assembler; BASIC interpreter; 
Oakland, CA 94621 RM COBOL, PASCAL and FORTRAN 77; BASIC and C compilers 
Phone (415) 562-8085 SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Z80 assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 56k bytes RAM, dual floppy-disk drives and Z80 CPU 


PROCESSOR ALLOCATION/MANAGEMENT 
@ Single vs User mode 
Multitasking: 15 tasks can start/stop/suspend other tasks 
Multiusage: 16 users with 4k bytes (min) RAM per user 
Synchronizing scheme: varies with hardware 


PERIPHERAL MANAGEMENT 
@ Supports CRTs, character and line printers; floppy-, hard- and 
cartridge-disk drives; modems and magnetic-tape drives 
Provides device independence, DMA and spooling 
Uses interrupts and I/O multibuffering 
Accommodates a mix of eight disk drives of different types 
Supports up to 128M bytes of disk and 784k ne of RAM 


COMMENTS: *Multiuser; optional CONTROL RDBMS, File Sort and 
IBM3470 formatter packages available. one version avalave 
: i ~~ 


8-BIT CPU 
Z80 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


OASIS-16 


RELEASE DATE: September 1981 


PRICE: $1495 
Phase One Systems Inc TARGET MODEL: 8086, Z8000, 68000 
7700 Edgewater Drive, Suite 830 SUPPORT LANGUAGES: Z80 macro assembler; BASIC interpreter; 
Oakland, CA 94621 RM COBOL, FORTH, PASCAL and FORTRAN 77; BASIC and C | 
Phone (415) 562-8085 compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: C compiler 
SYSTEM RESIDENCY: Disk NETWORK SUPPORT: Yes 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 128k bytes RAM, dual floppy-disk drives and 16-bit CPU 


PROCESSOR ALLOCATION/MANAGEMENT > MEMORY MANAGEMENT 
@ System vs User mode e Overlays © 
@ Multitasking: 15 tasks can start/stop/suspend other tasks @ Chaining and segmentation 
e Multiusage: 32 users with 4k bytes (min) RAM per user @ Static and dynamic relocations 
@ interprocessor communications: pipes @ Binding done during linking time 
@ Dynamic user partitioning 
FILE MANAGEMENT 
PERIPHERAL MANAGEMENT @ Named file system and multilevel directory 
@ Supports CRTs; character and line printers; floppy- hard- and @ Sequential, contiguous, keyed and random organizations 
cartridge-disk drives; modems; magnetic-tape drives and bub- @ Multikeyed indexed sequential access method (ISAM) | 
ble-memory devices @ Allocation types: linked list of sectors and single contiguous 
e@ Provides device independence, DMA and spooling @ Can access file system from HLL containing constructs _ 
e Uses interrupts and !/O multibuffering @ Password privilege level security protection 
e Accommodates a mix of 32 disk drives of different types @ Automatic record and file locking _ 
@ Supports up to 8736M bytes of disk e Dynamic file allocation and priority scheduling 
COMMENTS: Ooiond CONTROL RDBMS, File Sort and IBM3470 ‘CIRCLE NO 733 


formatter packages available 
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TPE SERIES 630) 


| OATA-SCREEN®} 


TEAMINAL 


# 
* 
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RuBOUT 
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TEC’s new Series 630-C Video Display Terminal 
offers its magnetic stripe card reader keyboard to 
protect your confidential computer files thru 
error-free computer authorization. 

Cards encoded to IATA, ABA, and Thrift standards. 


= ASCII data is read from the card and sent to the CPU, 


and is stored in the terminals memory but not necessarily 
displayed, to provide security. 


Offers ability to control access to computer and data files 
by requiring each operator to have a card, possibly 
containing a user identification number and security 
level code. 


Applications include credit card sales transactions, airline 
ticketing, security, identification, and audit trailing. 


Cost effective, state-of-the-art. 


The 630C can be custom tailored to meet your 
exact requirements. 


REDIT CARD 


(ey oe oe 


Ne ee eae ee ae ce 
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EDN pC OPERATING SYSTEMS DIRECTORY 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


DEVELOPMENT 
OPERATING SYSTEM 


8-BIT CPU 
6800 


PETOS RELEASE DATE: August 1978 


PRICE: $6783 with Model 3500 terminal 


Perkin-Elmer Terminals Div SUPPORT LANGUAGES: 6800 macro assembler; BASIC interpreter 
360 Rte 206 South SYSGEN PROGRAM: No SOURCE CODE: No 
Flanders, NJ 07836 LANGUAGE SYSTEM: 6800 assembler 

Phone (201) 584-1400 NETWORK SUPPORT: No 


SYSTEM RESIDENCY: ROM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e@ Multitasking: limited only by memory capacity e Overlays 
@ Synchronizing scheme: priority — e Chaining 


@ Binding during linking time 
PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers and floppy-disk FILE MANAGEMENT 


drives @ Sequential and random organizations 
@ Provides device independence and DMA 
e Uses interrupts and I/O multibuffering COMMENTS: PETOS is available only with the P-E Model 3500 


intelligent terminal. 
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GENERAL-PURPOSE 
OPERATING SYSTEM 


DEVELOPMENT 
OPERATING SYSTEM 


8/16-BIT CPU 
10 pCs, pPs* 


REAL-TIME 
OPERATING SYSTEM 


POLYFORTH 


RELEASE DATE: 1979 


PRICE: $5100 
Forth Inc TARGET MODEL: MDS, SBC, Q-Bus, Unibus, Exorciser, T1990, Nova 
2309 Pacific Coast Hwy and Cosmac 
Hermosa Beach, CA 90254 SUPPORT LANGUAGES: Common processors’ assemblers; FORTH 
Phone (213) 372-8493 interpreter and compiler; CP/M for 8080 and 8086 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: FORTH 
SYSTEM RESIDENCY: RAM NETWORK SUPPORT: No 


ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, serial interface, terminal, disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ Multitasking: number of tasks, limited only by memory capacity, @ Single contiguous allocation 
can start/stop/suspend other tasks via intertask communication @ Overlays 

@ Multiusage: number of users limited only by memory capacity, @ Chaining 
with 1k bytes (min) RAM per user @ Binding done in single process 


PERIPHERAL MANAGEMENT se es 
e@ Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 
cartridge-disk drives and magnetic- and paper-tape drives e Named file system 
e Provides device independence, DMA and spooling ¢ Sequential, contiguous and random organizations 
e Uses interrupts and I/O multibuffering Indexed sequential access method (ISAM) 
@ Accommodates a mix of mass-storage devices via device drivers Allocation type: single contiguous 
and assigned memory areas Can access file system using constructs 
Password/security protection 


COMMENTS: *8080, 8086, 9900, 6800, 6809, 68000, 1802, LSI-11, 
PDP-11, Nova and IBM Series/1 
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We isolate signal and power in a 1” x 

1” x 1/4” IC package - do it with a single 
IC-compatible transformer that has 
seven separate windings. 3656 is 
probably the most innovative isolation 
amplifier in the world today. 


High breakdown voltages and low 


input, output and power. Internal 
uncommitted input and output op 
amps expand application versatility, 
offering inverting, noninverting and 
differential gains. A self-contained 
DC/DC converter provides isolated 
power for these op amps and for 


leakage performance breaks noise external I/O circuitry ({5m4A). 
generating ground loops; protects 3656 expands our broad line of 
medical patients from shock; shields transformer and optically coupled 
sensitive instruments from high Complete, compact 3656 Isolat isolation amplifiers and DC/DC 
voltage; isolates industrial signals from Amplifier includes: three-por latior converters - specifications available 


environmental noise. design with independent gro 


from sales office near you. 


Voltage Voltage Leakage Specification 


Rated Cont. Test at 120V, 60Hz | Accuracy Linearity Temp(1) Initial vs Temp 
VDC, min VDC, min %, max %, max mV, max pV/°C, max 


oC 
4 1 
0.15 0 to +70 kee 200 + Meets $48.65 
G G 
1.0 0.1 0 to +70 o450 BG 4 oe $51.90 
Cc @ 
10 350 
1.0 A to +7 14 10+— >. 
os | to | ot | oto | epee 


Putting Technology 
To Work For You 


oO 
Bl 


1) -25°C to +85°C versions also available. 


BOSTON CHICAGO COLUMBUS DALLAS DETROIT HOUSTON LOSANGELES NEW YORK SAN JOSE’ SEATTLE TUCSON 


(617) 444-9020 (312) 832-6520 (614) 764-9764 (214) 681-5781 (313) 474-6533 (713) 988-6546 (714) 835-0712 (914) 253-9333 (4081559-8600 (206/455-2611 (602) 746-1111 
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8, 16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
8080, 8085, 8086, Z80 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 
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Systems & Software Inc 
2801 Finley Rd 

Downers Grove, IL 60515 
Phone (312) 932-9320 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 2k bytes ROM, 512 bytes RAM, real-time clock and priority interrupt controller 


MEMORY MANAGEMENT 
e Single contiguous allocation - 


_ PROCESSOR ALLOCATION/MANAGEMENT 


System vs User mode 
Multitasking: limited by memory, tasks can start/stop/suspend 
other tasks via 64 intertask communication channels and 
mailbox synchronization 
-@ Multiprocessing: eight processors use test and set and interrupt 
synchronizing scheme 


- PERIPHERAL MANAGEMENT 
_ @ Supports CRTs, character and line printers, floppy-disk drives, 


modems and paper-tape drives 
@ Provides device independence and spooling 


_ @ Uses interrupts and /O multibuffering 


RELEASE DATE: May 1978 

PRICE: $1800 

TARGET MODEL: Single-board computers 

SUPPORT LANGUAGES: Relocatable macro assembler; C and PL/M 
compilers 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SOURCE CODE: Yes 


e@ Segmentation | 
@ Static relocation — : _ 
@ Binding done during linking t time | 


FILE MANAGEMENT — 
Not Available . 
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16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
LSI-11/2, LSI-11/23 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RSX-11M, RSX-11S 


Digital Equipment Corp 
One Iron Way 
Marlboro, MA 01752 
Phone (800) 225-9220 


SYSTEM RESIDENCY: Hard-disk based 
ROMABLE SYSTEM: No 


RELEASE DATE: 1975 

PRICE: RSX-11M, $8600; RSX-11S, $560 

SUPPORT LANGUAGES: Macro assembler; BASIC interpreter; 
FORTRAN IV, FORTRAN IV-PLUS, COBOL and BASIC-PLUS II 
compilers 

SYSGEN PROGRAM: Yes 

LANGUAGE SYSTEM: Macro assembler 
NETWORK SUPPORT: DECNET, 2780/3780 emulation 


SOURCE CODE: Yes 


MINIMUM HARDWARE NEEDED: LSI-1 1/23 (LSI-11/2 for unmapped RSX-11S), 48k bytes RAM, RLO1 disk drive, console port and clock 


PROCESSOR ALLOCATION/MANAGEMENT 
Multitasking: number of tasks limited only by memory capacity 
Priority or round-robin scheduling 


_ Multiusage available 
Intertask communication and synchronization 
_Log-in/log-out with password 


aoe ceee MANAGEMENT 


Supports CRTs, character and line printers, floppy- and 
hard-disk drives, modems, paper-tape drives and TU58 car- 
tridge-tape drives 
Provides device independence, DMA and spooling 
_ Uses interrupts 
Accommodates up to four hard-disk drives, four double-density 
_floppy-disk drives and/or four TU58 cartridge-tape drives 


MEMORY MANAGEMENT 
e Automatic memory compaction 
@ Supports hardware relocation, segmentation and protection 
@ Binding during assembly/compilation, linking, loading, run and/or 
execution times 
e@ Supports check pointing to disk 
@ Overlapping and shared code 


FILE MANAGEMENT 
Named file system with per-user directories and protection 
Sequential, random and ISAM access 
Contiguous or mapped allocation 
Can access system from HLL 


COMMENTS: RSX-11S is a memory only (no file support) subset of 
RSX-11M 


CIRCLE NO 681 


EDN SEPTEMBER 16, 1981 


ccc eee 


EDN SEPTEMBER 16, 1981 


HP: HELPS YOU MANAGE SOUND AND VIBRATION 


Complete and afiordable 


dynamic analysis of your produc 


—including modal. 


L] HP's New 5423A Structural 
Dynamics Analyzer—an entirely new 
kind of instrument for mechanical and electro- 
mechanical design and test that’s far easier to 
use and lower in cost than available alternatives. 
The HP 5423A Structural Dynamics Analyzer 
provides state-of-the-art measurement, analysis, 
display, storage and plotting capabilities in 
a convenient transportable package. 


[1 Complete Measurement Capability 


provides the accurate data you need for the 
analysis of dynamic behavior. These capabilities 
include time record, power spectrum, 
frequency response and coherence 

—just to name a few. A built-in 
“waveform calculator” operates 
on measured data as well as 

on real and complex constants. 
Easy to use, it lets you compute 
characteristics which are difficult 
or even impossible tomeasure | 
directly: including non-coherent 
output power, open-loop gain 

of a control system and the 
synthesis of frequency response 
functions. 


X:4.0051 AX: 1.0022 
Rt: 9 


a ee 


[| An Animated Mode Shape Display 


dramatically illustrates the results of a test by 
depicting structural deformation for each 
natural resonant frequency. You can quickly 
identify problem points such as maximum 
stress, flexure or sound transmission. Additional 
display features include: 


e Perspective 

e Rotation about any axis 

e ‘True three dimensions using a stereoscope 

e Selection of viewing direction and distance 

e “Zoom” on portions of interest 

e Split-screen viewing of any two modes 

e Highlighting of points of interest 
e Stop-motion for detailed study 


Nowhere else can you get this 
capability at such a low cost. 
$4 1,000* 


For more information on how the 
5423A can help you, call your 
nearby HP sales office. Or write 
Hewlett-Packard, 1507 Page Mill 
Road, Palo Alto, CA 94304. 


*Domestic U.S. price only. 


EXPAND 
EXPAND 


50.090 


FREQ=4 49 HZ 


DAMPING=39 77M % 


1. Measure frequency response with 


FREQ (HZ) 
100.00 


DAMP (%) 
499.99 m 


2. A few keystrokes graphically display 3. Repeat the process at points of 


the 5423A and identify the resonances _ the result of curve-fitting the measured _ interest on the structure. The 5423A’s 


of interest using the X-Axis cursors. 
Cursor settings are automatically 
stored for use at other points on the 


structure. tables for display or outputting. 


gi HEWLETT 
PACKARD 
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data at each resonance and automati- Auto Sequence capability controls 
cally enter the computed frequency, the instrument for you. Mode shapes 
damping and residue information into for each resonant frequency are 


displayed using the geometry which 
describes your structure. 


EDN »C OPERATING SYSTEMS DIRECTORY 


REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


DEVELOPMENT 
OPERATING SYSTEM 


16-BIT CPU 
LSI-11/2, LSI-11/23 


RELEASE DATE: 1973 


PRICE: $3620 
Digital Equipment Corp SUPPORT LANGUAGES: Macro assembler; BASIC, FOCAL, APL 
One Iron Way and Multiuser BASIC interpreters; FORTRAN IV compiler 
Marlboro, MA 01752 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Phone (800) 225-9220 LANGUAGE SYSTEM: Macro assembler 


NETWORK SUPPORT: DECNET, 1-port 2780/3780 emulation 


SYSTEM RESIDENCY: Disk initially, RAM only after app program run 
ROMABLE SYSTEM: FORTRAN applications only . 
MINIMUM HARDWARE NEEDED: 24k bytes RAM (includes RT-11 and application programs), LSI-11/2, TU58 cartridge-tape drive and console port 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e@ System vs User mode @ Single contiguous allocation and overlays 
@ Multitasking: eight tasks start asynchronous \/O via monitor call e Segmentation via chaining 
@ Synchronizing schemes: send/receive messages, mailboxes @ Static and dynamic relocations 
and, for /(O completion only, semaphore @ Binding during assembly/compilation, linking, loading, run and/or 


execution times 
PERIPHERAL MANAGEMENT e Supports hardware relocation, segmentation and protection 
e@ Supports CRTs, character and line printers, floppy- and 
cartridge-disk drives, modems, paper-tape drives and TU58 FILE MANAGEMENT 
block-addressable cartridge tapes e Named file system 
@ Provides device independence, DMA and spooling Sequential and random access 
e Uses interrupts Allocation type: single contiguous 
@ Accommodates up to four hard-disk drives, four single-density Can access system from HLL 
and/or four double-density floppy-disk drives and/or four TU58 Protects files from deletion when locked 
cartridge-tape drives 


COMMENTS: RT-11 also runs on DEC minicomputers. 
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16-BIT CPU 
HP 1000 L Series 


RTE-XL RELEASE DATE: November 1980 


PRICE: $3150: additional copies $1260; execute-only license $210 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


Hewlett-Packard Co TARGET MODEL: HP1000 L Series board, box or system 

11000 Wolfe Rd SUPPORT LANGUAGES: FORTRAN 4X; BASIC/1000L interpreter; 
Cupertino, CA 95014 PASCAL/1000; HP 1000 assembler 

Phone (408) 257-7000 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 


LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Yes, DS/1000-IV 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 128k bytes RAM, L Series CPU board 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e Multitasking: 255 tasks can run concurrently and start/stop/talk e Up to 255 partitions 
to other tasks via intertask communication Swapping 
@ Multiprocessing: manages CPU and, on each interface card, a Partition size to 64k bytes 
separate |/O processor Power fail/autorestart 
© Time, event, program or operator scheduling of events Memory protection and program segmentation 
@ Multilevel prioritized vectored interrupt system 
FILE MANAGEMENT 


PERIPHERAL MANAGEMENT e Named file system 
@ Supports CRTs, character and line printers, floppy-, hard- and @ Sequential, contiguous and random organizations 
cartridge-disk drives, modems, magnetic-tape drives, plotters e Allocation type: extents 
and |IEEE-488-bus-related devices e Password/security protection 


@ DMA on each 1/O channel 
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EDN »C OPERATING SYSTEMS DIRECTORY 


16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
8086/28000/68000 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


SP/8086/Z8000/68000 


RELEASE DATE: June 1980 


PRICE: $700 
Hemenway Associates Inc TARGET MODEL: Various 
101 Tremont St SUPPORT LANGUAGES: Macro assembler and linking loader; 
Boston, MA 02108 PASCAL/| compiler; BASIC and FORTRAN 
Phone (617) 426-1931 SYSGEN PROGRAM: No SOURCE CODE: Yes 


LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, console and floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT _ MEMORY MANAGEMENT _ _ os 
Not Available Single contiguous allocation and overlays oo 


Chaining and static relocation =—s_—w 
PERIPHERAL MANAGEMENT e oe on Processor) — 
@ Supports CRTs, character and line printers, floppy- and : 
cartridge-disk drives, modems, magnetic- and paper-tape drives 
and other devices via suitable device drivers 
@ Provides device independence _ 
e Uses interrupts and I/O multibuffering 
_ Accommodates a mix of ae and hard-disk drives 


e Hee e 
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STARDOS - | RELEASE DATE: May 1978 
: pee PRICE: Depends upon configuration 
Micro Five Cor SUPPORT LANGUAGES: BASIC 
17791 Sky Scere SYSGEN PROGRAM: Yes SOURCE CODE: No 
Irvine, CA 92714 LANGUAGE SYSTEM: Interactive BASIC 
Phone (714) 957-1517 NETWORK SUPPORT: Interprocessor 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: Series 3000 .C system and visual display terminal 


PROCESSOR ALLOCATION/MANAGEMENT = _ oes MANAGEMENT 


@ Multitasking: available 
@ Multiusage: available 


PERIPHERAL MANAGEMENT > - _ oe “Database. management system (Update) _ 
__©@ SupportsCRIs andcharacterprinters $$ = ~~~ : | _ 
@ Provides device independence andDMA _ CIRCLE No 6e7 
Uses interrupts and |/O multibuffering : ss _ iiii-| 
Accommodates a mix of mass storage devices 
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8/16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
6809/68000 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: July 1980 
PRICE: $450 
: TARGET MODEL: Various 
| t C Itants | . 

pales dea inthis ee SUPPORT LANGUAGES: Micro, relocating and various cross 

West Lafayette, IN 47906 assemblers; BASIC interpreters; C, PASCAL and FORTRAN compil- 

Ph 17) 463-2502 ers 

nei T SYSGEN PROGRAM: Yes SOURCE CODE: No 

LANGUAGE SYSTEM: Assembler 


SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: Yes 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 96k bytes RAM, memory-management device and DMA-driven disk controllers, all |/O-interrupt driven 


16-BIT CPU DEVELOPMENT GENERAL-PURPOSE REAL-TIME 
68000 OPERATING SYSTEM OPERATING SYSTEM OPERATING SYSTEM 


RELEASE DATE: March 1980 
PRICE: Depends on configuration 
Motorola Semiconductor Products Inc TARGET MODEL: Exormacs development system, Versamodule 01 
3102 N 56th St SUPPORT LANGUAGES: Structured macro assembler, PASCAL 
Phoenix, AZ 85018 compiler 
Phone (602) 244-5714 SYSGEN PROGRAM: Yes SOURCE CODE: Request quote 
LANGUAGE SYSTEM: Assembly and PASCAL 
NETWORK SUPPORT: No 
SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Executive only 
MINIMUM HARDWARE NEEDED: Exormacs, 256k bytes RAM, Exorterm 155, Exordisk Ill, printer or Versamodule 01 with 128k bytes RAM 


- Segmentation — _ 
@ Static and dynamic relocations — 
@ Binding during linking time 
e Memory protection 


ae MANAGEMENT ~ : 


. kein protection 
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New 16K PROM from Texas Instruments. 
The big family gets bigger. 
Covers your needs across the board. 


The wider your choice, the easier your 
selection. So Texas Instruments stead- 
ily expands its bipolar PROM family. 
Latest addition: TBP28S166 16K PROM. 

Organized 2Kx8, the TBP28S166 is 
available in two versions, with max- 
imum address access times of either 55 
ns or 75 ns. It comes in an industry- 
standard 600-mil, 24-pin package. 
Available soon: TBP28S165, a 300-mil, 
24-pin version that can mean savings in 
board space of 50% or more. 


Five more choices 
TI has also redesigned five of its 
PROMs to give you better performance 
than ever before: the popular 1K; a low 


power 2K; two 512W x 8B 4Ks; the “by 
8” 24-pin 8K. All offer faster address 
access times and lower power consump- 
tion than previous designs. 


Programming convenience 


One special reason for going with TI’s 
PROM family is that a single specific- 
ation programs all members from 1K 
through 16K. So if you use one of the 
popular programmers on the market 
today, one programming configuration 
is all you need. Result: Fewer program- 
ming problems and much lower costs. 


Additional advantages 
All TI PROMs incorporate titanium- 


tungsten fuse links. All have low 
current PNP inputs to permit easy in- 
terfacing with MOS and bipolar micro- 
processors. All are Schottky-clamped 
for best speed/power combinations. 


Your choice of PROMS from TI 
is the industry’s broadest. In densi- 
ties. Performance. Packages. To save 
you time and trouble. For more 
information, call your nearest TI 


field sales office or O 
distributor. Or write to 
Texas Instruments, l} 


P:. 0, Box 202129, 
Dallas, Texas 75220. 


Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first 1s our tradition. 


TEXAS INSTRUMENTS 


© 1981 Texas Instruments Incorporated 


INCORPORATED 
CIRCLE NO 56 
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8-BIT CPU 
6800 


Wintek Corp 

1801 South St 
Lafayette, IN 47904 
Phone (317) 742-8428 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM, serial |/O interface 


PROCESSOR ALLOCATION/MANAGEMENT 
@ Multitasking: 64 tasks can start/stop/suspend other tasks via 
intertask communication 
@ Synchronizing scheme: monitors 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers, floppy-disk drives 
and other device drivers 
Provides device independence and spooling 
Uses interrupts and 1/O multibuffering 
Accommodates a mix of mass-storage devices with a ligt 
purpose space allocator 


8-BIT CPU 
6502 


DEVELOPMENT 
OPERATING SYSTEM 


CRS/DOS 


CGRS Microtech 

Box 102 

Langhorne, PA 19047 
Phone (215) 757-0284 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 


DEVELOPMENT GENERAL-PURPOSE 
OPERATING SYSTEM OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


RELEASE DATE: December 1979 

PRICE: $495 

TARGET MODEL: Sprint 68 

SUPPORT LANGUAGES: 6800 assembler; BASIC interpreter; C and 
PL/W compilers 

SYSGEN PROGRAM: No 
LANGUAGE SYSTEM: 6800 assembly 
NETWORK SUPPORT: No 


SOURCE CODE: No 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Binding during assembly/compi lation and linking times 


FILE MANAGEMENT 
@ Named file system 
e@ Random organization 
e Allocation type: linked list of sectors 
@ Can access file system from HLL containing constructs 


CIRCLE NO 732 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: November 1979 

PRICE: $500 source code, $150 custom 

TARGET MODEL: Microtech 6502 PDS, PET, KIM, SYM and AIM 
SUPPORT LANGUAGES: Machine language; BASIC and FORTH 
interpreters; FORTH compiler 

SYSGEN PROGRAM: Yes 

LANGUAGE SYSTEM: Machine language 
NETWORK SUPPORT: No 


SOURCE CODE: Yes 


MINIMUM HARDWARE NEEDED: 8k bytes RAM, 1k byte ROM and floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT 
System vs User mode 
Multitasking: two tasks can start/stop/suspend each other 
through memory intertask communication 
Synchronizing scheme: mailbox 


PERIPHERAL MANAGEMENT 
@ Supports CRTs, character and line printers, floppy-disk drives 
and modems 
@ Provides spooling in FORTH only 
e@ Uses interrupts and I/O multibuffering 
@ Accommodates a mix of floppy-disk and cassette-tape drives 


MEMORY MANAGEMENT 
Single contiguous allocation 
Overlays 
Swapping and chaining 
Segmentation 
Binding during assembly/compilation (optional) and linking times 


FILE MANAGEMENT 
Named file system and multilevel directory 
® Sequential, contiguous and random organizations 
@ Indexed sequential access method (ISAM) 
e Allocation type: single contiguous 
@ Can access file system from HLL containing constructs 
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8-BIT CPU 
Most »P Types* 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: March 1979 


DDOS, CP/M 
PRICE: NA 


Hughes Aircraft Co SUPPORT LANGUAGES: Most assemblers; interpreters and compil- 
500 Superior Ave ers through CP/M 
Newport Beach, CA 92663 SYSGEN PROGRAM: No SOURCE CODE: No 
Phone (714) 759-2942 LANGUAGE SYSTEM: Assembly 

NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ System vs User mode Single contiguous allocation and overlays 
® Multitasking available — Swapping and chaining 
@ Multiprocessing available Segmentation and static relocations 
® Synchronizing scheme: mailbox Binding done during linking and loading times 
Memory protection 
Lake Siiias MANAGEMENT 
Supports CRTs, character and line printers, floppy-disk drives FILE MANAGEMENT 
and modems Named file system 
Provides DMA and spooling (background printing) Multilevel directory 
Uses interrupts and |/O multibuffering Sequential and contiguous organizations 


Accommodates a mix of floppy-disk drives Allocation type: single contiguous 
Password/security protection 


COMMENTS: *1802, Z80, 8080, 8085, 1804, 8048, 6502, 6800, 6809, etc 


CIRCLE NO 736. 


8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
6800/6809 OPERATING SYSTEM OPERATING SYSTEM 
DOS68 (6800 CPUs), 
: RELEASE DATE: J 1977 
DOS69 (6809 CPUs) RELEASE DATE: January 


SUPPORT LANGUAGES: 6800 and 6809 macro assemblers; BASIC 
Smoke Signal Broadcasting and UCSD PASCAL interpreters; BASIC, FORTRAN and COBOL 
31336 Via Colinas compilers 
Westlake Village, CA 91362 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Phone (213) 889-9340 LANGUAGE SYSTEM: 6800/6809 assembly 

NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 8k bytes RAM, CPU and disk drive and controller 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e@ Multitasking: 16 tasks (min) @ Single contiguous allocation 
Overlays 
PERIPHERAL MANAGEMENT Swapping, chaining and segmentation 
e Supports CRTs, character and line printers, floppy- and Static and dynamic relocations 
cartridge-disk drives, modems, magnetic- and paper-tape drives Binding done during linking time 
e Provides device independence, DMA and spooling _ 
e Uses interrupts and I/O multibuffering FILE MANAGEMENT 
® Accommodates a mix of mass-storage devices Named file system 
Sequential, contiguous and random organizations 
Indexed sequential access method (ISAM) 
Allocation type: linked list of sectors 
Can access file system from HLL containing constructs 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
6800/6809 gf OPERATING SYSTEM OPERATING SYSTEM 


FLEX RELEASE DATE: April 1977 
, PRICE: $100 to $150 


TARGET MODEL: Various 
Technical Systems Consultants Inc SUPPORT LANGUAGES: Macro and cross assemblers: BASIC and 
Box 2570, 1208 Kent Ave Extended BASIC interpreters; C and PASCAL (6809 only) compilers 
West Lafayette, IN 47906 SYSGEN PROGRAM: Yes SOURCE CODE: No 
Phone (317) 463-2502 LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 20k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: two tasks—printer spooler runs as background task @ Single contiguous allocation 
@ Overlays 
PERIPHERAL MANAGEMENT ® Chaining 
Supports CRTs, character and line printers, floppy- and | : 
hard-disk drives, modems and paper-tape drives FILE MANAGEMENT 
"Provides device independence (limited), DMA and spooling @ Named file system 
Uses interrupts _ @ Sequential and random organizations 
Accommodates a mix of mass-storage devices e@ Allocation type: linked list of sectors 
e@ Can access file system from HLL containing constructs 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
8080/Z80 OPERATING SYSTEM OPERATING SYSTEM 


HDOS RELEASE DATE: 1978 


PRICE: $195 
Heath Co TARGET MODEL: H-8, H-89 
Benton Harbor, MI 49022 SUPPORT LANGUAGES: 8080 and Z80 assemblers; BASIC 
Phone (616) 982-3650 interpreter; FORTRAN and C compilers 
SYSGEN PROGRAM: Yes . SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM, console and floppy-disk system 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available Single contiguous allocation 
: Overlays | 
PERIPHERAL MANAGEMENT Swapping , chaining and limited segmentation 
e@ Supports CRTs, character and line printers, floppy- and Static relocation 
hard-disk drives and modems Binding done during assembly/compilation time 
e Provides device independence (limited) 
e Uses interrupts FILE MANAGEMENT 
e Accommodates 5'%-in. and 8-in. single-sided single-density e Named file system 
and 8-in. double-sided double-density floppy-disk drives @ Sequential and random organizations 
@ Allocation type: linked list of sectors . 
@ Can access file system from HLL containing constructs 
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Plug-in slots provide flexi- 
bility to interchange 

modules with no effect on 
field wiring. 


New for micro, mini 


Color coded modules: 
white for input, red for 
output. 

Sequenced gold-plated 
pin connection permits 
module removal with the 
power on. 
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Rugged screw terminals 
ee for field wiring. 
Built-in thermocouple 


temperature references. LED status indicators. 


Ribbon cable for ' 
front-ending popular * 
analog I/O boards 
such as Intel/Na- 

tional 711/724/732. 


The first easy-to-apply 


AA signal conditioning syste 
for real world analog inputs. 


Linearization is 
standard for RTD in- 
puts, optional for ther- 
mocouple inputs. Good 
system protection, too: 
RFI immunity, plus 
1500v breakdown isola- 
tion to eliminate ground 
loops and to save other 
system components 
from signal line noise. 

Four card cage models to 
choose from: 4, 8, or 16-channel 
with industrial screw terminals, and 
a 16-channel cage with ribbon con- 
nection to any micro. 


Our new Series 
1800 A/A (analog-to- 
analog) conditioners 
offer you a compact, 
easy-to-apply signal con- 
version package for 
front-ending micros, 
minis and program- 
mable controllers. 

Series 1800 condi- 
tioners accept low level 
analog signals such as mv, thermo- 
couple, RTD and process current 
inputs...and output clean, high 
level, single-ended signals to any 
A/D subsystem. 


Hundreds of signal conditioning 
modules to choose from for 28 
different analog signal sources. 
Priced from $150 to $220. 


CIRCLE NO 57 


‘eee aw w& 


Universal panel or rack 
mounting. 


The 1800 system can be powered 
by any +15v power supply and oper- 
ates over a wide (0° to 70°C) ambient 
temperature range. Wide bandpass 
options available. 


Call your Acromag representative 
for technical details on this new, low 
cost, computer-compatible system. Or 
write for Bulletin 8-180.0. 


Acromag, 30765 Wixom 
am| Rd., Wixom, MI 48096, 
(313) 624-1541. Telex 


23/0505. 
ACROMAG 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
8080/8085 OPERATING SYSTEM OPERATING SYSTEM 


ee RELEASE DATE: January 1978 


PRICE: Depends on configuration 
Ontel Corp TARGET MODEL: Ontel OP-1 
250 Crossways Park Dr SUPPORT LANGUAGES: LINKASM and MACASM assemblers; 
Woodbury, NY 11797 BASIC, OPL and PASCAL interpreters; FORTRAN compiler 
Phone (51 6) 364-2121 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: 16 terminals with standard IOS calls 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM and hard-disk drive and controller 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ Multitasking: 16 tasks can start/stop/suspend other tasks via Single contiguous allocation 

intertask communication (OPL only) Overlays and chaining 
e@ Multiusage: up to eight terminals can share hard-disk system Segmentation and dynamic relocation (OPL only) 
@ Synchronizing scheme: semaphore (OPL only) Static relocation 


Binding done during linking time 
PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 
cartridge-disk drives, modems and magnetic-tape drives* @ Named file system and sequential organization 

@ Provides device independence, DMA and spooling Random organization, multilevel directory and ISAM (OPL only) 

e Uses interrupts (OPL only) Allocation type: linked list of sectors 

e Accommodates a mix of hard- and floppy-disk drives Can access file system from HLL containing constructs 
Password/security protection 


COMMENTS: *Modems and magnetic-tape drives are supported by 
LINKASM subroutines, not OS drivers. 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
8080/8085 OPERATING SYSTEM OPERATING SYSTEM 


PRICE: Depends on configuration 
Ontel Corp TARGET MODEL: Ontel OP-1 
250 Crossways Park Dr SUPPORT LANGUAGES: LINKASM and MACASM assemblers; 
Woodbury, NY 11797 BASIC, OPL and PASCAL interpreters; FORTRAN compiler 
Phone (516) 364-2121 SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: 16 terminals with standard IOS calls 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM and diskette drive and controller 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: 16 tasks can start/stop/suspend other tasks via @ Single contiguous allocation 
intertask communication Overlays 
@ Synchronizing scheme: semaphore (OPL only) Chaining, segmentation and dynamic relocation (OPL only) 
Static relocation 
PERIPHERAL MANAGEMENT Binding done during linking time 
e@ Supports CRTs, character and line printers, floppy-disk drives, 
modems and magnetic-tape drives* FILE MANAGEMENT 
e@ Provides device independence, DMA and spooling e Named file system 
e Uses interrupts (OPL only) Sequential organization 
@ Accommodates a mix of floppy-disk drives of different sizes and Random organization, ISAM and multilevel directory (OPL only) 
densities Allocation type: linked list of sectors 
Can access file system from HLL containing constructs 


COMMENTS: *Magnetic-tape drives are supported by subroutines, 
not OS drivers. 
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BODINE 


ELECTRIC 
COMPANY 


Small Motors, Gearmotors, Electronic Motion Controls 
For Seventy-five years, “the power behind the leading products?’ 


2500 West Bradley Place 
Chicago, 60618 USA 
Telephone 312-478-3515 Telex 25-3646 


“Use Bodine Stepper systems 
for confidence at the design 


review level?’ 


E. J. Liebewein, 
Manager of Manufacturing, 
Bodine Electric Company 


“After four years of testing and refine- 
ment, Bodine stepper systems are ready 
to go. We took our time, and did each job 
right, so we’re confident our products will 
stand up to the toughest applications, and 
the toughest design reviews. 


“We did everything we could to provide 
engineers with an extra margin of safety 
in our complete line of 23, 34, and 42 
frame 1.8° stepper motors and matching 
CMOS motion controls. Our entire motor 
line, for example, is already U.L. Compo- 
nent Recognized, and our U.L. Recognized 
Class F insulation system lets you exceed 
the 105°C motor winding temperature 
limit that’s listed by many of our competi- 
tors. With that rating, you can boost peak 
motor output as long as you limit motor 
bearing temperature increases by heat 
sinking or limiting duty cycles. And our 
motors and motion controls are available 
from distributor stock; no special orders 
are required. 


“Our locked bearing construction which 
provides near-zero shaft endplay is 
another mark of the built-in quality that 
will please any design review committee. 
Our stator bores and rotor diameters are 
all precision ground for motor-to-motor 
and lot-to-lot air gap consistency and 
concentricity critical to stepper perfor- 
mance. We pay attention to every detail, 
from inspecting the incoming materials to 
the final packing of the products, so you 
can rest assured that each motor and 
motion control will perform exactly as it 
should” 


Write today for a free copy of our 48-page 
stepper system catalog. You'll find all the 
information you need to make the very 
best choice—Bodine. 
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DEVELOPMENT 
OPERATING SYSTEM 


8-BIT CPU 
Z80 


M/OS-80 


Mostek Corp 

1215 W Crosby Rd 
Carrollton, TX 75006 
Phone (214) 323-6000 


SYSTEM RESIDENCY: PROM, disk and RAM 
ROMABLE SYSTEM: No 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: May 1981 


PRICE: $250 with PROMs; $199 without PROMs 
SUPPORT LANGUAGES: CP/M compatible 


SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 


MINIMUM HARDWARE NEEDED: 32k bytes RAM, MDXFLP disk controller board and serial or parallel port 


PROCESSOR ALLOCATION/MANAGEMENT 


@ System vs User mode 
@ Multitasking available 


PERIPHERAL MANAGEMENT 
Supports CRT, printer, paper-tape reader and punch and 
dual-sided single-density floppy-disk drives 
Provides device independence, DMA and spooling 
Uses interrupts and 1/O multibuffering 
Accommodates up to 15 floppy-disk:drives 


8-BIT CPU 
8085/Z80 


DEVELOPMENT 
OPERATING SYSTEM 


O/S 


Applied Systems Corp 
26401 Harper Ave 

St Clair Shores, MI 48081 
Phone (313) 779-8700 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16 or 32k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT 
e@ System vs User mode 
@ Multitasking available 
@ Multiusage: 6 to 16 users 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers, floppy- and 
hard-disk drives and modems 
Provides DMA 
Uses interrupts 
Accommodates a mix of mass-storage devices 


MEMORY MANAGEMENT 
@ Single management allocation 
@ Overlays 
@ Segmentation 


FILE MANAGEMENT 


SOURCE CODE: No 


@ Named file system (CP/M compatible) 


Sequential allocated clusters 
Allocation type: extents 


Can access file system from HLL containing constructs 


Password/security protection 


CIRCLE NO 700 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: 1979 
PRICE: Depends on configuration 
TARGET MODEL: ASC/80 


SUPPORT LANGUAGES: 8085 and Z80 assemblers; 


BASIC 


interpreter; FORTRAN and COBOL compilers 


SYSGEN PROGRAM: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Overlays 
@ Memory protection 


FILE MANAGEMENT 
@ Named file system 


SOURCE CODE: No 


@ Sequential and random organizations 


@ Password/security protection 


CIRCLE NO 744 
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8-BIT CPU 
280 


| DEVELOPMENT 
OPERATING SYSTEM 


OS-CP/M | 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: 1977 


PRICE: $695 
Ohio Scientific Inc TARGET MODEL: C3 Series 
1333 S Chillicothe Rd SUPPORT LANGUAGES: 8080 assembler; BASIC interpreter; 
Aurora, OH 44202 FORTRAN and COBOL compilers 
Phone (216) 831-5600 SYSGEN PROGRAM: Yes SOURCE CODE: No 


LANGUAGE SYSTEM: Z80 machine code 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 56k bytes RAM and C3 Series computer 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available @ Single contiguous allocation 
: a @ Overlays 
PERIPHERAL MANAGEMENT @ Chaining 
@ Supports CRTs, line printers and floppy- and hard-disk drives e@ Static relocation 
@ Provides device independence @ Binding done during assembly/compilation time | 


¢ Accommodates a mix of CD-36 and CD-74 floppy- and hard-disk _ : 
drives FILE MANAGEMENT 
@ Named file system 
@ Sequential and random organizations 
e Allocation type: extents 
@ Can access file system from HLL containing constructs 


CIRCLE NO 745 


GENERAL-PURPOSE 


8-BIT CPU | 
OPERATING SYSTEM 


6809 


DEVELOPMENT 
OPERATING SYSTEM 


RELEASE DATE: January 1980 
PRICE: $195, Level 1; $495, Level 2 


Microware Systems Corp SUPPORT LANGUAGES: Assembler, BASIC-09 and PASCAL and 
Box 4865 COBOL compilers 

Des Moines, IA 50304 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Phone (515) 279-8844 LANGUAGE SYSTEM: 6809 assembler 


NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 48k bytes RAM, CPU and disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: 256 tasks , @ Single contiguous allocation 
@ Overlays 
PERIPHERAL MANAGEMENT : @ Swapping, chaining and segmentation 
@ Supports CRTs, character and line printers, floppy- and @ Static and dynamic relocations 
hard-disk drives, modems and magnetic-tape drives e Re-entrant code; Level 2 supports 1M bytes of RAM 


@ Provides device independence, DMA and spooling 

e Uses interrupts and I/O multibuffering FILE MANAGEMENT 

e Accommodates a mix of mass-storage devices e Named file system 

Sequential, contiguous and random organizations 
Indexed sequential access method (ISAM) 

Allocation type: bit map on disk 

Can access file system from HLL containing constructs 


CIRCLE NO 707 
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8-BIT CPU 
280 


DEVELOPMENT 
OPERATING SYSTEM 


RIO, VERSIONS 2, 3* and 4 


Zilog Inc 

10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: RIO Version 2: June 1977 

RIO Version 3: August 1980 
PRICE: $500 (free with system purchase) 
TARGET MODEL: MCZ1 Series, ZDS systems, PDS 8000 systems 
SUPPORT LANGUAGES: Z80 ASM, Z8 PLZ/ASM and 2Z8000 
PLZ/ASM assemblers; BASIC and PASCAL interpreters; FORTRAN, 
COBOL (single and multiterminal) and PLZ/SYS compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Z80 ASM and PLZ/SYS 
NETWORK SUPPORT: Version 4 only; Z-Net supports up to 255 
nodes 


MINIMUM HARDWARE NEEDED: 64k bytes RAM, Z80 MDC board, Z80 MCB board and floppy- or hard-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT 
e@ System vs User mode (ZDS system only) 


PERIPHERAL MANAGEMENT 
Supports CRTs, character printers, floppy- and cartridge-disk 
drives, modems and PROM programmers in ZDS and PDS 
systems 
Provides device independence, DMA and spooling (Version 3 
only) 
Uses interrupts | 
Accommodates up to four 600k-byte floppy-disk drives and up to 
four 10M-byte cartridge-disk drives concurrently 


COMMENTS: *Version 3, an enhancement of Version 2, is specifically 
designed for business applications. It has a fast random-access file 
system and features sort/merge and spooler utilities. 


16-BIT CPU 
8086 


DEVELOPMENT 
OPERATING SYSTEM 


Language Resources 
4885 Riverbend Rd 
Boulder, CO 80301 
Phone (303) 449-8087 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Overlays and chaining 
@ Static relocation 
@ Binding done during linking time 
@ Memory protection 


FILE MANAGEMENT 

Named file system 

@ Sequential organization (Version 2 only) 

e@ Random organization (Version 3 only): 

e@ Indexed sequential access method (COBOL only) 

@ Allocation types: linked list of sectors (Version 2 only) and ISAM 
with a random-access table of pointers to sectors (Version 3 
only) 


CIRCLE NO 746 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: February 1981 

PRICE: $8750, Source code; $2450, Object code 

TARGET MODEL: Upgrade for Intel MDS 800, II, II! 

SUPPORT LANGUAGES: AL/M-86 assembler; PASCAL compiler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL, PL/M-86 

NETWORK SUPPORT: No 


MINIMUM HARDWARE NEEDED: 128k bytes memory, Intel MDS 800 or Series II or III with floppy-disk drive 


and iSBC 86/12 or Microbar C86 CPU 


PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 


PERIPHERAL MANAGEMENT 
® Supports CRTs, character printers and ISIS II and Ill peripher- 
als 
Provides device independence and DMA 
Accommodates a mix of ISIS Il and Ill devices 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Overlays and segmentation 
@ Static relocation 
@ Binding done during linking time 


FILE MANAGEMENT 
e Named file system 
@ Sequential and random organization 
e@ Allocation type: linked list of sectors 
e@ Can access file system from HLL containing constructs 


CIRCLE NO 671 
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8-BIT CPU 
6800/6809 


DEVELOPMENT 


Software Dynamics 
2111 W Crescent, #G 
Anaheim, CA 92801 
Phone (714) 635-4760 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


OPERATING SYSTEM 
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GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: June 1978 

PRICE: $700 (includes BASIC compiler) 

TARGET MODEL: Midwest Scientific Instruments, Wave Mate, Pace 
480, Motorola Exorciser 

SUPPORT LANGUAGES: 6800 and 6809 assemblers and 6800 to 
6809 cross assembler; MSI BASIC interpreter; Business BASIC and 
SD compilers 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 


SOURCE CODE: Yes 


MINIMUM HARDWARE NEEDED: 48k bytes RAM, dual floppy-disk drives, CRT and printer 


PROCESSOR ALLOCATION/MANAGEMENT 
~ Multitasking: unlimited number of tasks for I/O package only 
using Post, Wait, Event, Lock and Release intertask communica- 
tions 
Multiusage: eight users with 32k bytes (min) RAM per user 
Synchronizing scheme: semaphore 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers and floppy-, hard- 
and cartridge-disk drives 
Provides device independence and DMA 


MEMORY MANAGEMENT 
@ Single contiguous alogeton 
e Chaining 
@ Binding done during assembly/compilation time 


FILE MANAGEMENT 
e Named file system 
Sequential, contiguous and random organizations 
Allocation type: extents 
Can access file system from HLL containing constructs 
Multikey indexed (BASIC only) 


Uses interrupts and I/O multibuffering 

Accommodates a mix of mass-storage devices 

Allows CRT-independent cursor positioning, display color- 
ing and data entry via virtual terminal driver 


COMMENTS: CRT-independent screen editor available 


CIRCLE NO 747 


8-BIT CPU 
6502 


DEVELOPMENT 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


SDS/DOS 


RELEASE DATE: June 1977 

PRICE: Depends on configuration 

SUPPORT LANGUAGES: 6502 macro assembler, extended BASIC, 
Data Management System 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: File transfer via RS-232C; proprietary SDLC 
network of up to 255 nodes over 1 km coaxial cable 


Scientific Data Systems Inc 
344 Main St 

Venice, CA 90291 

Phone (213) 390-8673 


SOURCE CODE: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes memory and 1.25M bytes diskette 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e System vs User mode @ Single contiguous allocation 


Overlays 
PERIPHERAL MANAGEMENT Chaining 

Supports CRTs, character printers, floppy- and hard-disk drives Binding and relocation done by linking loader 
and modems 
Provides device independence, DMA and spooling FILE MANAGEMENT 
Uses interrupts Named file system 
Accommodates a mix of floppy- and hard-disk drives up to 65M e@ Sequential, contiguous and random organizations 
bytes of storage capacity e ISAM using binary trees 

e@ Dynamic disk allocation/deallocation using bit map 

e@ Can access file system from HLL 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
Z80A OPERATING SYSTEM OPERATING SYSTEM 


STARPLEX-II : RELEASE DATE: 1981 (Rev A) 


PRICE: Depends on configuration 
j SUPPORT LANGUAGES: 8080, Z80, 8048, NSC800 and 16032/16/ 
een A herealle none ee 08 macro assemblers; BASIC interpreter; FORTRAN, PASCAL and 
Santa Clara, CA 95051 PLM compilers; 8070 cross assembler 
Phone (408) 737-5000 SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: PLM/assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM and Starplex || development system 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
System vs User mode @ Single contiguous allocation 
Multitasking: 255 tasks can start/stop/suspend other tasks using @ Overlays and chaining 
message queues @ Binding done during linking time 
Multiprocessing: 1 to 15 processors using interrupt and lock @ Memory protection 
Synchronizing scheme: monitors 

FILE MANAGEMENT 
PERIPHERAL MANAGEMENT e Named file system and multilevel directory 

e Supports CRTs, character and line printers, floppy- and e Sequential and random organizations 

hard-disk drives, modems and PROM programmers ® Allocation type: linked list of sectors 
@ Provides device independence, DMA and spooling e@ Can access file system from HLL containing constructs 
e Uses interrupts 
e Accommodates a mix of hard-disk, single-sided single-density CIRCLE NO 748 

floppy-disk and double-sided double-density floppy-disk drives 


& 


GENERAL-PURPOSE 
OPERATING SYSTEM 


8-BIT CPU 
6502-BASED 


DEVELOPMENT 
OPERATING SYSTEM 


SOS 


RELEASE DATE: June 1980 
PRICE: $250 (free with system purchase) 


Apple Computer Inc TARGET MODEL: Apple III 

10260 Bandley Dr SUPPORT LANGUAGES: UCSD 6502 assembler; BASIC interpreter; 
Cupertino, CA 95014 USCD PASCAL and FORTRAN (Compile-to-P-code) compilers 
Phone (408) 996-1010 SYSGEN PROGRAM: Yes SOURCE CODE: No 


LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 96k bytes RAM and Apple III system 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
_ Not Available @ Single contiguous allocation 
@ Overlays and chaining 
PERIPHERAL MANAGEMENT e@ Segmentation and static relocation 
@ Supports CRTs, character and line printers, floppy- and @ Binding during linking and loading times 
__ Cartridge-disk drives and modems 
@ Provides device independence and DMA FILE MANAGEMENT 
e Uses interrupts and I/O multibuffering @ Named file system and multilevel directory 
@ Accommodates a mix of hard- and floppy-disk drives by treating @ Sequential and random organizations 
devices as independent files; opens as many as necessary @ Allocation type: binary-tree index structure 


@ Can access file system from HLL containing constructs 


CIRCLE NO 692 
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TOOMHZz 4-channel scope buyers 
a word of advice: 


Dont get mainframed! 


| 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
6800 OPERATING SYSTEM OPERATING SYSTEM 


SP/68 RELEASE DATE: March 1979 


PRICE: $150 
i TARGET MODEL: Various 
pel iti ey oo me SUPPORT LANGUAGES: Macro and various cross assemblers, 
Boston, MA 02108 structured BASIC (STRUBAL +) compiler 
Phone (617) 426-1931 SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16k bytes RAM, console and floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available @ Single contiguous allocation 
@ Overlays 
PERIPHERAL MANAGEMENT @ Chaining 
Supports CRTs, character and line printers, floppy- and @ Static relocation 
cartridge-disk drives, modems, magnetic- and paper-tape drives @ Binding during linking time 
and other devices with suitable device drivers 
Provides device independence FILE MANAGEMENT 
Accommodates a mix of floppy- and hard-disk drives e Named file system 
Sequential and random organizations 
Allocation type: linked list of sectors 
Can access file system from HLL containing constructs 
Security protection 


CIRCLE NO 734 


16-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
WD9700, ME1600 OPERATING SYSTEM OPERATING SYSTEM 


UCSD PASCAL 


RELEASE DATE: May 1979 

PRICE: $1000 
Western Digital Computer Products TARGET MODEL: WD900, WD9700 and ME1600 
3128 Red Hill SUPPORT LANGUAGES: Direct execution of PASCAL P code 
Newport Beach, CA 92663 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Phone (714) 557-3550 LANGUAGE SYSTEM: PASCAL 

NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 64k bytes RAM, terminal and 8-in. floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: number of tasks depends on memory capacity; can @ Overlays 
start/stop/suspend other tasks via intertask communication @ Segmentation 
@ Synchronizing scheme: semaphore @ Binding during linking and loading times 


PERIPHERAL MANAGEMENT FILE MANAGEMENT 
Supports CRTs, character and line printers, floppy- and @ Named file system 
hard-disk drives, modems and RS-232C interface Sequential, contiguous and random organizations 
Provides DMA Allocation type: single contiguous 
Uses interrupts Can access file system from HLL containing constructs 


CIRCLE NO 749 
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NEW Series 197 DIP slide switch. | Reliable, PCB Series 206 DIP 
Here’s a 4 pole, double throw - switches. Get the switch . 
slide switch that is widely used __ _ SPST, SPDT, DPST, DPDT or 
in both data processing and /  “4PST—and options... low pro- — 
telecommunications. It features file/extended actuators, sealed | 
Crisp, positive slide detent _base, disposable tape sealed top 
actuation, plus field- -proven true or Mil approved styles you need 
self-clean contact wiping for for POT CaO, he a De 
extended switch life. Series 197 


is extremely useful in “service/ 

Operate” applications, low level 
signal routing and digital circuit 
programming. 


CIRCLE NO. 104 


CIRCLE NO. 106 


3 


For fast service and complete Specs, contact your 
crs distributor... . CTS Keene, es 500 Lar nne 


238-0350 ... or circle the reader nuimbert ELKHART INDIANA 
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8-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
6800 OPERATING SYSTEM OPERATING SYSTEM 
RELEASE DATE: July 1981 


UCSD PASCAL 
PRICE: $675 


Wintek Corp TARGET MODEL: Sprint 68 
1801 South St SUPPORT LANGUAGES: 6800 assembler; BASIC interpreter; PAS- 
Lafayette, IN 47904 CAL and FORTRAN compilers 
Phone (317) 742-8428 SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6800 assembly, PASCAL 
NETWORK SUPPORT: No 
SYSTEM RESIDENCY: RAM and disk 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 56k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


Not Available @ Single contiguous allocation 
e Overlays 
PERIPHERAL MANAGEMENT ® Swapping 
e Supports CRTs; dot-matrix, character and line printers; floppy- @ Static and dynamic relocations 
and hard-disk drives; modems and RS-232C interfaces @ Binding during linking and loading times 


@ Provides device independence 
FILE MANAGEMENT | 
e Named file system 
@ Sequential, contiguous and random organizations 
e Allocation type: single contiguous 
@ Can access file system from HLL containing constructs 


CIRCLE NO 673 


GENERAL-PURPOSE 
OPERATING SYSTEM 


DEVELOPMENT 


8/16-BIT CPU , 
OPERATING SYSTEM 


8 nC, wP Types 


UCSD P-SYSTEM SOFTWARE 


RELEASE DATE: August 1977 


PRICE: $900 
SofTech Microsystems Inc TARGET MODEL: Most models for each CPU 
9494 Black Mountain Rd SUPPORT LANGUAGES: All listed CPU assemblers (assembled to 
San Diego, CA 92126 native code); P-code interpreter; PASCAL, FORTRAN and BASIC 
Phone (714) 578-6105 compilers (compiled to P code) 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL/CPU assembly 
SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: No 


ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 48k bytes contiguous RAM, 175k bytes disk, teletypewriter or CRT display (must send and receive ASCII characters) 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Supports multitasking with arbitrary number of tasks and @ Single contiguous allocation 
intertask communication @ Overlays 
@ Synchronizing scheme: semaphore @ Dynamic relocation 
@ Binding done during linking and loading times 


PERIPHERAL MANAGEMENT 
e@ Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 
cartridge-disk drives, modems and magnetic- and paper-tape Named file system 
drives @ Sequential, contiguous and random organizations 
@ Provides device independence and DMA @ Allocation type: single contiguous 
e Accommodates a mix of mass-storage devices e@ Can access file system from HLL containing constructs 


COMMENTS: *LSI-11, PDP-11, 6502, Z80, 8080, 6809, 9900 and 8086 
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16-BIT CPU DEVELOPMENT GENERAL-PURPOSE 
8086/68000/Z8000/PDP-11 OPERATING SYSTEM OPERATING SYSTEM 


—_—  . RELEASE DATE: 3rd qtr 1981 


PRICE: OEM contracts 
Microsoft TARGET MODEL: PDP-11 Series, Z8000, 8086 and 68000 
10800 NE 8th St, Suite 819 SUPPORT LANGUAGES: C compiler included; other Microsoft 
Bellevue, WA 98004 language compilers available 

LANGUAGE SYSTEM: C 

NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 192k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
System vs User mode e Segmentation 
Multitasking: 100 tasks, restricted by table size, can start/stop/ e@ Swapping 
suspend other tasks via interprocessor message buffers and @ Dynamic relocation 
software asynchronous interrupts @ Binding done during assembly/compilation, linking and loading 
Multiusage: one to 25 users times 
Synchronizing scheme: file structure with user-implemented @ Memory protection 


locks 
| FILE MANAGEMENT 
PERIPHERAL MANAGEMENT © Narmied file system 
e Supports CRTs, character and line printers, floppy- and Multilevel directory 
- cartridge-disk drives, modems and magnetic- and paper-tape ®» Sequential organization 
drives : Allocation type: linked list of sectors 
Provides device independence and user writable device driver Password/security protection 
Uses interrupts and 1!/O multibuffering 
Accommodates a mix of different mass-storage devices that COMMENTS: XENIX is a Level 7 UNIX operating system 
support multiple file systems and device drivers 
CIRCLE NO 680 


GENERAL-PURPOSE 
OPERATING SYSTEM 


8-BIT CPU 
280 


CDOS RELEASE DATE: 1977 
PRICE: $95 


SUPPORT LANGUAGES: Z80 Macro assembler, BASIC and LISP 


Cromemco Inc interpreters, FORTRAN, COBOL and FPG II compilers 
280 Bernardo Ave SYSGEN PROGRAM: Yes SOURCE CODE: No 
Mt View, CA 94043 LANGUAGE SYSTEM: Z80 assembler 


Phone (415) 964-7400 NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available : @ Single contiguous allocation 


@ Overlays 

PERIPHERAL MANAGEMENT : 

e Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 

hard-disk drives and modems e Named file system 
e@ Provides DMA Sequential and random organizations 
e Accommodates a mix of floppy- and hard-disk drives Indexed sequential access method (ISAM) 
Allocation type: linked list of sectors 

Can access file system from HLL containing constructs 


COMMENTS: CDOS is upwardly compatible from CP/M 
CIRCLE NO 682 
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16-BIT CPU 
T1990 


COS990 


| Ryan-McFarland Inc 


146 


2111 North Mays 
Round Rock, TX 78664 
Phone (512) 255-7823 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: March 1980 

PRICE: $2000 

TARGET MODELS: 1-30 

SUPPORT LANGUAGES: COBOL compiler 
SYSGEN PROGRAM: No 

LANGUAGE SYSTEM: Assembly and POPS 
NETWORK SUPPORT: No 


SOURCE CODE: No 


MINIMUM HARDWARE NEEDED: 64k bytes memory and floppy- or hard-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT 
System vs User mode 
Multitasking: 110 tasks can start/stop/suspend other tasks via 
intertask communication 
Multiusage: 60 users with 6k bytes (min) RAM per user 
Synchronizing scheme: semaphore 


PERIPHERAL MANAGEMENT 
@ Supports CRTs; character printers; floppy-, hard- and cartridge- 
disk drives and modems 
e@ Provides device independence, DMA and spooling 
e Uses interrupts and |!/O multibuffering 
@ Accommodates a mix of disk drives 


8-BIT CPU 
8080/8085/Z80 


Lifeboat Associates 
1651 Third Ave 

New York, NY 10028 
Phone (212) 860-0300 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 24k bytes RAM and disk system 


PROCESSOR ALLOCATION/MANAGEMENT 
Not Available | 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers, floppy- and 
cartridge-disk drives, modems, magnetic- and paper-tape drives, 
plotters and voice synthesizers 
Provides device independence and DMA 
Uses interrupts 
Accommodates a mix of floppy-, mini-floppy- and 8-in.- 
Winchester disk drives, as well as 14-in.-Winchester and 
cartridge-disk drives 


MEMORY MANAGEMENT 
e Overlays 
e@ Swapping and segmentation 
@ Static and dynamic relocations 
@ Binding done during loading time 


FILE MANAGEMENT 
@ Named file system and multilevel directory 
Sequential and random organization 
Indexed sequential access method with 15 keys 
Allocation type: up to 23 noncontiguous extents 
Can access file system from HLL containing constructs 
Password/security protection | 


CIRCLE NO 674 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: 1976 

PRICE: From $145 

TARGET MODEL: North Star, Ohio Scientific, TRS-80 II, Heath/ 
Zenith, Datapoint 1550 and >50 others 

SUPPORT LANGUAGES: 8080, 8085 and Z80 assemblers; 1802, 
8086, 6502, 6800 and 8048 cross-assemblers; BASIC and LISP 
interpreters; BASIC, FORTRAN, COBOL, PASCAL, APL, ALGOL and 
C compilers 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: No 


SOURCE CODE: No 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Chaining 
@ Binding during linking time 


FILE MANAGEMENT 
@ Named file system 
@ Sequential organization 
e Allocation type: extents 
e@ Can access file system from HLL containing constructs 
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8-BIT CPU 
Z80A 


Cromemco Inc 

280 Bernardo Ave 

Mt View, CA 94043 
Phone (415) 964-7400 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 128k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT 


System vs User mode 

Multitasking: seven tasks can start/stop/suspend other tasks 
via intertask communication 

Multiusage: seven users with 64k bytes (min) RAM per user 
Multiprocessing: unlimited number of processors via interrupt- 
driven synchronizing scheme 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy- and 
hard-disk drives and modems 
e@ Provides device independence, DMA and spooling 
e Uses interrupts and !/O multibuffering 
@ Accommodates a mix of floppy- and hard-disk drives 


16-BIT CPU 
8086 


CTOS 


Convergent Technologies 
2500 Augustine Dr 

Santa Clara, CA 95051 
Phone (408) 727-8830 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


PROCESSOR ALLOCATION/MANAGEMENT 

@ Multitasking: number of tasks depends on system mapping using 
intertask communication; tasks can start other tasks using 
mailbox synchronizing scheme 

e Multiusage: up to 16 per cluster, one per workstation, with 128k 
bytes (min) of RAM per user 

e Multiprocessing: supports 8086 and (optional) 8087 using 
hardware synchronizing scheme 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy- and 
hard-disk drives, modems and expandable Multibus 
@ Provides device independence, DMA and spooling 
e Uses interrupts and |/O multibuffering 
e Accommodates dual floppy-disk drives or one floppy-disk drive 
and up to three hard-disk drives 
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GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: September 1980 

PRICE: $595 

SUPPORT LANGUAGES: Z80A macro assembler; BASIC and LISP 
interpreters; FORTRAN, COBOL, RPG II and C compilers 

SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 

NETWORK SUPPORT: No 


MEMORY MANAGEMENT 


Single contiguous allocation 
Overlays 

Swapping and chaining 
Static relocation 

Memory protection 


FILE MANAGEMENT 
@ Named file system and multilevel directory 
Sequential binary-tree organization 
Indexed sequential access method (ISAM) 
Allocation type: extents 
Can access file system from HLL containing constructs 
Password/security protection 


COMMENTS: CROMIX resembles the UNIX operating system 
CIRCLE NO 684 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: October 1980 
PRICE: Bundled 

TARGET MODEL: Firm’s desktop minicomputers 

SUPPORT LANGUAGES: 8086 ASM; BASIC interpreter; PASCAL, 
COBOL and FORTRAN compilers 

SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: PL/M-86 

NETWORK SUPPORT: Yes [2-16 workstations and remote host(s)] 


MINIMUM HARDWARE NEEDED: 128k bytes RAM and dual floppy-disk drives 


MEMORY MANAGEMENT 

@ Single contiguous allocation 
Overlays 
Chaining and segmentation 
Static relocation 
Binding done during linking time 


FILE MANAGEMENT 

Named file system 

Sequential, contiguous and random organizations 
Indexed sequential access method — 

Allocation type: extents 

Can access file system from HLL containing constructs 
Password/security protection 


CIRCLE NO 675 
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8-BIT CPU GENERAL-PURPOSE 
6502 OPERATING SYSTEM 


PRICE: $200 
TARGET MODEL: Apple || 
ne Sool lap SUPPORT LANGUAGES: 6502 assembler; floating-point BASIC and 
Cupertino, CA 95014 integer BASIC interpreters 
Phone (408) 996-1010 SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6502 assembler 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM and 143k bytes Disk I! floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


Not Available @ Single contiguous allocation 
Overlays 
PERIPHERAL MANAGEMENT Chaining 
e@ Supports CRTs, character and line printers, floppy- and Memory protection 
‘cartridge-disk drives, modems, A/D converters, IEEE-488 
interfaces, digitizers, plotters, voice-recognition devices and FILE MANAGEMENT 
speech and music synthesizers e Named file system 
Provides device independence and DMA @ Sequential and random organizations 
Uses I/O multibuffering @ Allocation type: linked list of sectors 
Accommodates a mix of mass-storage devices using associated e@ Can access file system from HLL containing constructs 
controllers a 


CIRCLE NO 737 


16-BIT CPU GENERAL-PURPOSE 
CS/10 Systems OPERATING SYSTEM 


ICOS RELEASE DATE: May 1977 
PRICE: $2500 
Data General Corp TARGET MODEL: DG CS/10 | 
440 Computer Dr SUPPORT LANGUAGES: COBOL compiler 
SYSGEN PROGRAM: No SOURCE CODE: No 
Westboro, MA 01580 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM, disk or diskette, printer and CRT 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
@ Multitasking: up to four tasks can start/stop/suspend other tasks Overlays 
via intertask communication Swapping and chaining 
@ Multiusage: up to four users Segmentation and dynamic relocation 
@ Synchronizing scheme: monitor Binding during assembly/compilation time 


Memory protection 
PERIPHERAL MANAGEMENT 
@ Supports CRTs, character and line printers, floppy- and FILE MANAGEMENT 
cartridge-disk drives, modems and magnetic-tape drives e Named file system and multilevel directory 
@ Provides device independence and spooling Sequential, contiguous and random organizations 
e@ Uses interrupts and I/O multibuffering @ Indexed sequential access method (ISAM) 
e Accommodates two dual quad-density 1.2M-byte diskettes or Allocation type: single contiguous ° 
one dual quad-density 12.5M- or 25M-byte Winchester disk Can access file system from HLL containing constructs 
Password/security protection 
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Single vendor graphics support... 


We've put the pi srdeus4 


SYSTEMS Graphics Support Platform 
provides you with three key elements 
— graphics support software featuring 
Template ™ CONCEPT/32 minicomputers — 
and support for a wide range of arephice 


devices. Our single vendor graphics ies gS ¢ 
is the best approach to meet your pomeuter oan 


graphics requirements. 

Template is the most powerful and 
comprehensive 3-D graphics software 
support package available today. With over 
a dozen device drivers, SYSTEMS Graphics 
Support Platform provides you with the 
graphics device independence and | 


TMTrademarked product of Megatek Corporation 


Argentina:Australia-Belgium*Canada*Colombia-England 
Frances|taly:-Japan* Mexico» Sweden: Thailand-West Germany 


state- athe. art functionality required for 
most user applications. To fully support 
Template, SYSTEMS provides on-site 


ee installation, training and customer service. 


* pe SeONCEPT/32 minicomputers 


jeloy yment tools to 
plate and the various 


os graphics evices. To get the complete 


graphics support picture, call or write the — 
| company that put all the pieces together. 


Systems Engineering Laboratories, Inc., 
6901 W. Sunrise Blvd., Ft. Lauderdale, FL 
33313. (305) 587-2900, 1-800-327-9716. 


Proven COMPUTER Performance © 


CIRCLE NO 60 A Subsidiary of GOULD INC. 


1981 
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16-BIT CPU GENERAL-PURPOSE 
Nova Series OPERATING SYSTEM 


eee RELEASE DATE: 1972 


PRICE: $3600 
Point 4 Data Corp TARGET MODEL: Micronova and Point 4 Mark III 
2569 McCabe Way SUPPORT LANGUAGES: Macro and absolute assemblers; BASIC 
Irvine, CA 92714 and PASCAL interpreters; PASCAL compiler 
Phone (714) 754-4114 SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembly, PASCAL 
NETWORK SUPPORT: Furnishes own protocol, and BSC with 
SYSTEM RESIDENCY: RAM and disk outboard controller 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 48k bytes RAM, 500k bytes disk and operator's terminal 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
System vs User mode @ Overlays 
Multitasking: up to 128 tasks can start/stop/suspend other tasks @ Swapping and chaining 
by signal statements @ Dynamic relocation 
Multiusage: up to 128 users with 256 bytes (min) RAM per @ Binding during loading time 
user 
Synchronizing scheme: semaphor and monitor FILE MANAGEMENT 
@ Named file system and multilevel directory 
PERIPHERAL MANAGEMENT @ Sequential, contiguous and random organizations 
@ Supports CRTs, character and line printers, floppy, and @ Indexed sequential access method (ISAM) 
cartridge-disk drives, modems and magnetic- and paper-tape e Allocation types; linked list of sectors, extents and single 
drives contiguous 
Provides device independence, DMA and spooling Can access file system from HLL containing constructs 
Uses interrupts and I/O multibuffering e@ Password/security protection 
Accommodates a mix of floppy- and hard-disk drives, depending 
on local memory space CIRCLE NO 686 


8-BIT CPU GENERAL-PURPOSE 
6502 OPERATING SYSTEM 


RELEASE DATE: June 1977 
PRICE: $79 
Ohio Scientific Inc TARGET MODEL: C2-C3 Series, C1P-MF, C4P-DF, C8P-DF 
1333 S Chillicothe Rd SYSGEN PROGRAM: No SOURCE CODE: No 
Aurora, OH 44202 LANGUAGE SYSTEM: 6502 machine code 
Phone (216) 562-5177 NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 24k bytes RAM, floppy-disk drive and C1P, C4P or C8P-DF computer 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available @ Single.contiguous allocation 


@ Binding at program entry 
PERIPHERAL MANAGEMENT 
@ Supports CRTs, line printers and floppy-disk drives FILE MANAGEMENT 
@ Named file system 
@ Sequential, contiguous and random organizations 
e Allocation type: single contiguous 
@ Can access file system from HLL containing constructs 


CIRCLE NO 688 
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The KAD II Koh-I-Noor Auto Draw is electron- 
ically controlled to produce rapidly a virtually 
limitless library of lettering styles, symbols and 
designs used in engineering, electronic and 
architectural drawings, as well as the drawings 
of many other disciplines. Once demonstrated, 
KAD II requires no special operating skills. 
KAD II consists of three components. The 
PLOTTER, less than four pounds, adapts to al- 
most every drafting machine. It draws with 
liquid ink in any one of five preprogrammed 
character heights on most drawing surfaces. 


Servo motors operate the pen holder to produce. 


faster and better quality characters than can be 


| GRD KAD 0 


provided by any hand lettering device. 

The CONTROLLER contains the logic circuit- 
ry to operate the Plotter. It drives the Plotter by 
commands from a standard or custom prepro- 
grammed ELECTRONIC TEMPLATE MODULE 
(ETM) placed into a receptacle in the front 
panel. The Controller can be placed on the 
drawing board, on a roll-away stand, or any 
other handy location within cable length of the 
Plotter. ETM’s are quickly interchangeable to 
provide different symbols or lettering styles as 
required. Each ETM has its own corresponding 
keyboard overlay indicating its preprogrammed 
functions. Send the coupon today. 


The most versatile, electronically controlled lettering 
and symbol-generating instrument available 


from today’s microprocessor 


technology! 


wee) 


ee RE clecreicar 


CIRCLE NO 61. 


KAD Il eae ya) 


Firm 


Please send me free descriptive literature for the Koh-I-Noor KAD Il. 


_Title _ 


Name | 


Address _ 

City - State - Zip 
KOH-I-NOOR RAPIDOGRAPH, INC., Bloomsbury, NJ 08804 800-631-7646. 
In Canada: 1815 Meyerside Dr., Mississauga, Ont. L5T 1B4 800-268-4961. 
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8-BIT CPU GENERAL-PURPOSE 
6502 OPERATING SYSTEM 


OS-65U LEVEL | 


RELEASE DATE: 1977 
PRICE: $200 
Ohio Scientific Inc TARGET MODEL: C2-C3 Series 
1333 S Chillicothe Rd SUPPORT LANGUAGES: BASIC interpreter 
Aurora, OH 44202 SYSGEN PROGRAM: No SOURCE CODE: No 
Phone (216) 562-5177 LANGUAGE SYSTEM: 6502 machine code 
NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 


MINIMUM HARDWARE NEEDED: 32k bytes RAM, dual floppy-disk drives and/or hard-disk drive and C2 or C3 Series computer 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
Not Available @ Single contiguous allocation 


e@ Binding at program entry 
PERIPHERAL MANAGEMENT 


@ Suppports CRTs, line printers, floppy- and hard-disk drives and FILE MANAGEMENT 


paper-tape drives e Named file system 
e Accommodates one hard-disk drive and two double-sided Sequential, contiguous and random organizations 
floppy-disk drives with cassette-tape backup for hard-disk drivé Allocation type: single contiguous 


e 
© 
@ Can access file system from HLL containing constructs 
e Password/security protection 


CIRCLE NO 689 


8-BIT CPU GENERAL-PURPOSE 
6502 OPERATING SYSTEM 


| OS-65U LEVEL Ill NET 


RELEASE DATE: January 1980 

PRICE: $995 
Ohio Scientific Inc TARGET MODEL: C3-B, C3-C 
1333 S Chillicothe Rd SUPPORT LANGUAGES: BASIC interpreter 
Aurora, OH 44202 SYSGEN PROGRAM: No SOURCE CODE: No 
Phone (216) 562-5177 LANGUAGE SYSTEM: 6502 machine code 

NETWORK SUPPORT: Two time-sharing and/or four smart termi- 
SYSTEM RESIDENCY: RAM oes 
ROMABLE SYSTEM: No 


MINIMUM HARDWARE NEEDED: 104k bytes RAM, CD-74, CD-36 or CD-23 hard-disk drive, 2-port RS-232 board and real-time clock on floppy-disk 
controller 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ Multiusage; up to eight time-sharing and/or four smart terminals @ Single contiguous allocation 
with 32k bytes (min) RAM per user @e Segmentation 
@ Synchronizing scheme: semaphore @ Binding at program entry 


PERIPHERAL MANAGEMENT FILE MANAGEMENT 
e Supports CRTs, line printers, floppy- and hard-disk drives and e Named file system 


magnetic-tape drives Sequential, contiguous and random organizations 
e@ Uses interrupts Allocation type: single contiguous 
e Accommodates one hard-disk drive and dual floppy-disk drives Can access file system from HLL containing constructs 


Password/security protection 
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YOUR BEST SECOND SOURCE : 
FOR HIGH EFFICIENCY RECTIFIERS 
SHOULD BE YOUR FIRST CHOICE. 


HERE'S WHY... 


OUR T0220 
(VARO VHE2401-2403) 


THEIR T0220 
(UES2401-2403) 


ae — 
specified 
—1.75°c/w _ 


Thermalimpedance 
High Temp. Leakage @ 100°C __ 


OUR T0220 
_(VARO VHE2404) 


THEIR T0220 

Notlistedin 
1980 catalog 
Not listed in 


Forward Current 


Overvoltage Protection. | / 1980 catalog 
| : Not listed in | 
Thermal lmpedance __ —1.5°C/w 1980 catalog | 
/ _ 7 Not listed in |. 
High Temp. Leakage @ 100°C 50pA 1980 catalog 


Peak Surge Current | Not listedin — 

(Ye cycle, non-rep.) oo. : 150A 1980 catalog a 
| a Not listed in 

Glass Passivated | Yes 


1980 catalog 


VARO, your rectifier @ 20% NON-REPETITIVE REVERSE sj | 
supermarket, offers you OVERVOLTAGE PROTECTION | 
5 new high efficiency © LOWEST THERMAL RESISTANCE | | 
rectifier series with the @ LOWEST HIGH- | 
best performance specs TEMPERATURE LEAKAGE | | 
in the Industry. @ HIGHEST SURGE CAPABILITY | | 
Shop and compare Varo’s new @ GLASS PASSIVATED | | 
high efficiency rectifiers with the oe OFFER | 
competition: you'll see higher SHOPPERS SPECIAL: Try any |have-an immediate need tor a: | 
performance over abroad range __ Varo rectifier in your own project. jhigh efficiency rectifier. Please . 
of specs. For samples, production pricing jcontact me. 
-" evale. fen dove 76 and delivery information, call Bruce ‘| Name l 
sinpe cove yout iid e Erb at (214) 271-8511, or write to | COMPANY | 
applications: T0220, DO4, DOS Varo Semiconductor; Box 40676; | ADDRESS ! 
Garland, Texas 75040. | cltysTaTE 

and TO3 packages cover your TWX 910-860-5178 | 
typical requirements. “ = | 

ee Se =a 

See us at PCI ’81; 

Munich Sheraton Hotel 

Munich, Germany Booth #56. 

VARO 
“The world’s leading rectifier company” © 1981 Varo Semiconductor 
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8-BIT CPU 
Z80A 


RIO/CP 


Zilog Inc 

10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: June 1980 

PRICE: $500 

TARGET MODEL: MCZ-2 Series systems, SDS 2/01 

SUPPORT LANGUAGES: Z80 assembler; BASIC interpreter; COBOL 
and PLZ/SYS compilers 

SYSGEN PROGRAM: Yes 

LANGUAGE SYSTEM: Assembly and PLZ 
NETWORK SUPPORT: Z-NET: single-channel packet-switched 
multiple-access network, transparent to OS, supports up to 255 nodes 
(processors) 


SOURCE CODE: No 


MINIMUM HARDWARE NEEDED: 64k bytes RAM and MCZ-2 ,.C system (or SDS 2/01) 


PROCESSOR ALLOCATION/MANAGEMENT 
@ Multitasking: 20 tasks start/stop/suspend other tasks through 
intertask communication, but all must reside concurrently in 
memory 
@ Synchronizing scheme: semaphore 


PERIPHERAL MANAGEMENT 

e@ Supports CRTs, character printers, floppy- and cartridge-disk 
drives and modems 

e Provides device independence, DMA and spooling 

e Uses interrupts 

e Accommodates up to four double-sided, double-density floppy- 
disk drives with MCZ-2 and expands from 10M to 40M bytes of 
cartridge-disk storage with each SDS system 


8-BIT CPU 
Z80 


TIS-APL 


Telecompute Integrated Systems Inc 
251 Spandina Ave 

Toronto, Ontario, Canada 

Phone (416) 363-9295 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT 
@ Multiprocessing: each node supports up to four processors 


PERIPHERAL MANAGEMENT 
Supports CRTs, character and line printers and floppy- and 
hard-disk drives 
Provides device independence and DMA 
Accommodates a mix of floppy- and hard-disk drives 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
Overlays and chaining 
Static relocation 
Binding during linking time 
Memory protection 


FILE MANAGEMENT 

@ Named file system and multilevel directory (SDS 2/01 only) — 

@ Sequential and random organizations 2 

e Indexed sequential access method (ISAM) (COBOL only) 

e Accesses file system with random-access table of pointers to 
sectors and also from HLL 

e Password/security protection for multivolume files (SDS 2/01 
only) 


CIRCLE NO 691 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: September 1979 

PRICE: $1195 

TARGET MODEL: Altos, Superbrain, TRS-80 II, North Star, Sorcerer 
SUPPORT LANGUAGES: APL interpreter 

SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Machine language and TIS-APL assembler 
and disassembler 

NETWORK SUPPORT: Yes 


MEMORY MANAGEMENT 
® Single contiguous allocation 
Overlays 
Chaining 
Binding done during loading time 
Memory protection at high end 


FILE MANAGEMENT 
Named file system and multilevel directory 
Contiguous and random organizations 
Allocation type: single contiguous 
Can access file system from HLL using file commands 
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8-BIT CPU 
Z80 


TPM 


Computer Design Labs 
342 Columbus Ave 
Trenton, NJ 08629 
Phone (609) 599-2146 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
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GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: February 1979 

PRICE: $79.95 

TARGET MODEL: S-100, TRS-80 

SUPPORT LANGUAGES: QSAL and Z80/8080 Macro assemblers: 
BASIC, APL and LIST interpreters; BASIC, FORTRAN, COBOL and 
PASCAL compilers 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 


SOURCE CODE: Yes 


MINIMUM HARDWARE NEEDED: 32k bytes RAM, Z80 and disk controller (>15 types supported) 


PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 


PERIPHERAL MANAGEMENT 

@ Supports CRTs, character and line printers, floppy- and 
Cartridge-disk drives, modems and magnetic- and paper-tape 
drives 
Provides device independence, DMA and spooling 
Accommodates a mix of mass-storage devices with table- 
driven approach; only available memory limits number of 
devices 


16-BIT CPU 
Z8001 


Zilog Inc 

10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 


SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 


MEMORY MANAGEMENT 
@ Single contiguous memory 
@ Overlays 
@ Swapping 
@ Chaining 


FILE MANAGEMENT 
e Named file system 
@ Random organization 
@ Allocation type: extents 


CIRCLE NO 694 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: November 1981 

PRICE: NA 

TARGET MODEL: Z-LAB 8000 

SUPPORT LANGUAGES: C, PASCAL, PLZ/SYS and COBOL 
compilers; Z8, Z8001 and Z8002 PLZ/ASM assemblers 

SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: C and PLZ/ASM 

NETWORK SUPPORT: Yes, UUCP 


MINIMUM HARDWARE NEEDED: 256k byte memory and Z-LAB 8000 CPU 


PROCESSOR ALLOCATION/MANAGEMENT 
System vs User mode. | 
Multitasking: 200 tasks can start/stop/suspend other tasks via 
intertask communication 
Multiusage: 16 users with 64k bytes (approx) RAM per user 
Synchronizing scheme: pipes and signals 


PERIPHERAL MANAGEMENT 
Supports RS-232 terminals, character and line printers, hard- 
disk drives, cartridge-tape drives and modems 
Provides device independence, DMA and spooling 
Uses interrupts and |/O multibuffering 


COMMENTS: “OS is an enhanced version of Bell Labs's UNIX 
operating system. 
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MEMORY MANAGEMENT 
@ Single contiguous allocation 
@ Overlays and swapping 
@ Static relocation 
@ Memory protection 
@ Binding done during linking time 


FILE MANAGEMENT 
Named file system and multilevel directory | 
Sequential, contiguous and random organizations 
Indexed sequential access method (COBOL only) 
Allocation type: linked list of sectors 
Can access file system from HLL containing constructs 
Password/security protection 
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16-BIT CPU 
Z8000 


ZMOS 


Central Data Corp 
Box 2530, Stn A 
Champaign, IL 61820 
Phone (217) 359-8010 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: August 1980 

PRICE: $450 

TARGET MODEL: Segmented 

SUPPORT LANGUAGES: Z8000 assembler; BASIC interpreter; 
COBOL compiler 

SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembly 

NETWORK SUPPORT: No 


MINIMUM HARDWARE NEEDED: 96k bytes RAM, serial I/O port, Z8000 CPU board and floppy- or cartridge-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT 
System vs User mode 
Multitasking: 254 tasks can start/stop/suspend other tasks with 
flags and temporary and permanent common memory 
Multiusage: 64 users with 8k to 16k bytes (min) RAM per user 
Synchronizing scheme: mailbox 


PERIPHERAL MANAGEMENT 

@ Supports CRTs, character and line printers, floppy- and 
cartridge-disk drives, modems and magnetic- and paper-tape 
drives 
Provides device independence and DMA 
Uses interrupts and I/O multibuffering 
Accommodates a mix of floppy-, cartridge- and Winchester-disk 
drives using device drivers 


8/16-BIT CPU DEVELOPMENT 
Multiple »P Types* OPERATING SYSTEM 


AMIX 3.0** 


American Microsystems Inc 
3800 Homestead Rd 

Santa Clara, CA 95051 
Phone (408) 246-0330 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 


MEMORY MANAGEMENT 
e Swapping 
Segmentation - 
Dynamic relocation 
Binding done during assembly/compilation or linking time 
Memory protection 


FILE MANAGEMENT 

Named file system 
Sequential and random organizations 
Indexed sequential access method (ISAM) 
Allocation type: extents: pointers in main directory for file; 77 
entries, each entry has starting sector number and number of 
sectors 

@ Can access file system from HLL containing constructs 

@ Password/security protection 


CIRCLE NO 695 


RELEASE DATE: May 1981 

PRICE: $550 plus $125 per assembler 

TARGET MODELS: AMI Phoenix |, Intel MDS, Motorola Exorciser and 
Tl 990/4 

SUPPORT LANGUAGES: Related processor assemblers; PASCAL 
and FORTRAN-77 compilers 

SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: PASCAL 

NETWORK SUPPORT: No 


MINIMUM HARDWARE NEEDED: 48k bytes RAM and dual floppy-disk drives 


PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 


PERIPHERAL MANAGEMENT 


@ Supports CRTs, character and line printers, floppy-disk drives, 
modems, PROM programmers and in-circuit emulators 

@ Provides device independence 

e Uses interrupts and I/O multibuffering 


MEMORY MANAGEMENT 
@ Single contiguous allocation 
Overlays 
Swapping and segmentation 
Static relocation 
Binding during assembly/compilation, linking and loading times 


FILE MANAGEMENT 
@ Named file system 
@ Sequential and contiguous organizations 
@ Allocation type: single contiguous 
e@ Can access file system from HLL containing constructs 


COMMENTS: *6800, 8080, 8085, Z80, 9900, S2000, 6502, 2650, $2200, 
6801, 6805, 6809, 68000, 8021 and 8048. **Version 3.0 is an upgrade of 


Version 2.6 (October 1979) 
CIRCLE NO 696 
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The Great Gap 


The Gap is a new series of 3C8 pot and EC cores developed to help solve the design 
problems of the innovative power supply engineer designing switched-mode power supplies 
using flyback techniques. 


The inductance factors of these new cores have been standardized to specific Ay values 
covering a range of effective permeabilities optimized for flyback applications. 


Standard Ay values have also been established for output choke requirements, preventing 
saturation while providing maximum impedance to AC ripple current. 


For more information on The Great Gap, Speak to The Specialists. 
If we can't help you, chances are nobody can. 


(S§ FERROXCUBE 


Speak to The Specialists 


Division of Amperex Electronic Corporation, Saugerties, New York 12477 
(914) 246-2811 TWX 510-247-5410 


A North American Philips Company 


oo 
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8-BIT CPU DEVELOPMENT 
CDP SERIES* OPERATING SYSTEM 


Ca ee RELEASE DATE: September 1979 


PRICE: $1600 
j i TARGET MODEL: CDP18S007, CDP18S008 
oe rs SUPPORT LANGUAGES: Macro assembler; BASIC | and Il, VIS 
Somerville, NJ 08876 interpreter; PLM 1800 and BASIC | compilers 
Phone (201) 685-6599 SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 28k bytes RAM and single-density floppy-disk drive 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ System vs User mode @ Single contiguous allocation 


@ Overlays 
PERIPHERAL MANAGEMENT 
@ Supports CRTs, line printers and floppy-disk drives FILE MANAGEMENT 
e@ Provides device independence e@ Named file system 
@ Random organization 
e@ Allocation type: linked list of sectors | 
e@ Can access file system from HLL 


COMMENTS: *CDP1802, CDP1805 and CDP1806 
CIRCLE NO 697 


8-BIT CPU 
Z80 


DEVELOPMENT 
OPERATING SYSTEM 


FLP80DOS 


RELEASE DATE: 1979 


PRICE: $595 
Mostek Corp SUPPORT LANGUAGES: Macro Z80 and Macro 3870 assemblers: 
1215 W Crosby Rd BASIC interpreter; FORTRAN compiler 
Carrollton, TX 75006 SYSGEN PROGRAM: No SOURCE CODE: Yes 
Phone (214) 323-6000 LANGUAGE SYSTEM: Z80 assembler 


NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT — MEMORY MANAGEMENT 
Not Available @ Single contiguous allocation 
@ Chaining 
PERIPHERAL MANAGEMENT @ Static relocation 
e Supports CRTs, character and line printers, floppy-disk drives, @ Binding done during assembly/compilation and linking times 


modems, paper-tape drives and card readers 
@ Provides device independence and DMA FILE MANAGEMENT 
@ Uses interrupts and |/O multibuffering Named file system 
@ Sequential organization 
e@ Allocation type: linked list of sectors 
@ Can access file system from HLL containing constructs 


CIRCLE NO 698 
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From beginning to end 
it’s all WOVEN! 


Cables custom-constructed from beginning . 
to end complete with the terminals of your 
choice. Woven's new non-stop factory- 
to-you program means no more 
delays, no more trans-shipping and 

no more unnecessary expense. 

And we take all the responsibility. 

What morecanyouask — we 

save youmoney, we Save yOu. 
time and we guarantee 
es Ml be Satisfied. 


ie A Division. of Southern Weaving Cia . | 
PO. Box 189° Mauldin, S. C 29662 Phone 809/963. 5131 
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8/16-BIT CPU 
8080/8085/8086/8088/8089 


DEVELOPMENT 
OPERATING SYSTEM 


ISIS RELEASE DATE: 1977 
PRICE: Bundled with hardware 
TARGET MODEL: Intellec .C dev systems 


Intel C 

2065 =. asi Ave SUPPORT LANGUAGES: Related processor assemblers; BASIC 
Santa Clara, CA 95051 interpreter, FORTRAN, PASCAL, COBOL and PL/M compilers 
Phone (408) 987-8080 SYSGEN PROGRAM: No SOURCE CODE: No 


LANGUAGE SYSTEM: PL/M and assembler 
NETWORK SUPPORT: Yes 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM, floppy-disk drive and terminal or printer 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e System vs User mode Single contiguous allocation 
@ Multiprocessing: two processors using Multibus and other Overlays, swapping and chaining 
semaphore protocols Segmentation 


Static relocation 
PERIPHERAL MANAGEMENT Binding done after linking time 
e Supports CRTs, character and line printers, floppy- and 
cartridge-disk drives, modems, paper-tape drives and Ethernet FILE MANAGEMENT 


controller @ Named file system 
e Provides device independence, DMA and spooling e@ Random organization 
e Uses interrupts and I/O multibuffering 


Accommodates a mix of floppy- and hard-disk drives CIRCLE NO 699 


8-BIT CPU 
2650/Z80 


DEVELOPMENT 
OPERATING SYSTEM 


TEKDOS 


RELEASE DATE: April 1977 
PRICE: $11,950 with 8002A; $14,300 with 8550 


Tektronix Inc TARGET MODEL: 8002A ».P Dev Lab 
Box 500 SUPPORT LANGUAGES: 8080, 8048, 8085, 6800, Z80, 9900, 3870, 
Beaverton, OR 97077 F8, 6502 and 1802 assemblers; MDL/8080/8085/Z80, MDL/6800, 
Phone (503) 644-0161 SCI-PLMX, Microsoft and FORTRAN-80 compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 2650 and Z80 assemblers, PLM 
SYSTEM RESIDENCY: RAM and disk NETWORK SUPPORT: Transfers files to/from host 


ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM and 8002A or 8550 Microprocessor Development Lab (MDL) 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 
e System vs User mode @ Overlays 
@ Multitasking: four system tasks permit intertask communication @ Chaining 
via monitor synchronizing scheme e@ Static relocation 
@ Multiprocessing: three processors (2 system, 1 user) use ® Binding done during assembly/compilation and linking times 


hardware hold/run synchronizing scheme 
FILE MANAGEMENT 


PERIPHERAL MANAGEMENT e Named file system 
e Supports CRTs, character and line printers, floppy-disk drives, e@ Sequential and random organizations 
modems and paper-tape drives e@ Allocation type: extents 
e@ Provides device independence and DMA e@ Can access file system from HLL containing limited constructs 


e Uses interrupts 
CIRCLE NO 701 
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Make sure you’re a part of it! 


Join the more than 250 exhibiting companies and over 
10,000 prototype designers, engineers, manufacturing 
specialists, QC/QA testing and support personnel at this 
continuing source of new ideas, cost cutting methods and 
productivity. Plan now to attend. 


The Conference — Provides working answers to every- 
day packaging, production and testing problems. Indus- 
try recognized experts will share their insights and 
discoveries in a dynamic program featuring the state-of- 
the-art In: 

@ Electronic packaging — connectors, design 

@ PCB fabrication — resists and imaging, materials 

@® Inspection techniques — instrumentation 

@ Full scale test systems — functional, bare-board 


The Exhibition — Your chance to see the technology 


ORGANIZED BY: 


Cahners Exposition Group 
222 West Adams Street, Chicago, IL 60606 
(312) 263-4966 Telex 2561 48 


The world’s leading organizer of expositions, conference 
and meetings with offices in Boston, Chicago, Los Angeles, 
New York, Hong Kong, London, Singapore and Tokyo. 


CkG Cahners Exposition Group 
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and operate the equipment at over 300 displays devoted 
to lowering costs and increasing productivity in: 


@ PCB Prototype Design & Packaging — Artwork design 
and generation, laminates, flex circuits, multi-layers, 
hybrid packages, chassis, wire and cable, sockets, con- 
nectors, hardware and other components. 


@ PCB Fabrication/Production/Assembly — Compo- 
nent insertion machinery, soldering, aqueous and sol- 
vent cleaning, drilling, component preparation and 
processing, etching, screen printing, chemicals, lead 
cutters, connector assemblies and other equipment, 
materials and techniques. 

@ Testing — Bare-board and functional testing, compo- 
nent test, functional testing for performance, digital 
testing, automatic test generation and inspection. 


OK! LJ] Please send me information on exhibiting. 


Please send me an application for FREE admission 
to exhibits and complete program details. 


Name 


Title 


Company___———————————————————————— 


Address 


City, State & Zip 


| 


Our Products 


MAIL TO: NEPCON/NORTHWEST '81 B 
Cahners Exposition Group 
222 W. Adams St., Chicago, IL 60606 


161 


NN 
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DEVELOPMENT 
OPERATING SYSTEM 


8/16-BIT CPU 
> 30 »P Types* 


UMDS 


Boston Systems Office Inc 
469 Moody St 

Waltham, MA 02154 
Phone (617) 894-7800 


RELEASE DATE: July 1976 

PRICE: $1200 to $3850 

TARGET MODEL: Model independent 
SUPPORT LANGUAGES: Most assemblers 
SYSGEN PROGRAM: Yes 

LANGUAGE SYSTEM: Assembler, PASCAL 
NETWORK SUPPORT: No 


SOURCE CODE: No 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM and 512k bytes disk 


PROCESSOR ALLOCATION/MANAGEMENT 
e@ System vs User mode | 
@ Multiusage: one to 75 users, depending on CPU type, with 64k 
bytes (min) RAM per user 
e Synchronizing scheme: monitor 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives | 
Provides device independence, DMA and spooling 
Uses interrupts and 1/O multibuffering 
Accommodates a mix of mass-storage devices, depending on 
backplane space for controllers 


MEMORY MANAGEMENT 
Single contiguous allocation 
Overlays 
Segmentation 
Static relocation 
Binding done during loading time 


FILE MANAGEMENT 
Named file system 
Random organization 
Allocation type: linked list of sectors 
Can access file system from HLL 
Password/security protection 


COMMENTS: *8048, 8080A, 8085A, 8086, 8088, F8, 6800, 6802, 6805, 
6809, Z8000, M68000, 1802, 6502, SC/MP, CDP1802, TMS9900, 
TMS1000, Z8, Z80, etc : 


CIRCLE NO 702 


8-BIT CPU 
8080/8085 


REAL-TIME 
OPERATING SYSTEM 


iRMX 80 


RELEASE DATE: July 1981 (Version 2.0) 

PRICE: $900 

TARGET MODEL: All 8080/8085 ,.P types 

SUPPORT LANGUAGES: 8080 and 8085 assemblers; 
interpreter; FORTRAN and PL/M compilers 
SYSGEN PROGRAM: Yes 

LANGUAGE SYSTEM: PL/M and assembler 
NETWORK SUPPORT: No 


intel Corp 

5200 NE Elam Young Parkway 
Hillsboro, OR 97123 

Phone (503) 640-7147 


BASIC 


SOURCE CODE: Yes 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes | 
MINIMUM HARDWARE NEEDED: 600 bytes RAM, iSBC 80/10, 80/20-4, 80/24 or 80/30 computer, iSBC 544 communication controller and iSBC 569 
digital controller 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


Multitasking: unlimited. number of tasks can start/stop/suspend 
other tasks via intertask communication exchanges 
Synchronizing scheme: mailbox 

Multiprocessing: up to 16 processors on Multibus using shared 
memory with semaphore and interrupt mechanisms via iMMX 
software 


PERIPHERAL MANAGEMENT 
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Supports CRTs and floppy- and cartridge-disk drives 
Provides device independence and DMA 

Uses interrupts 

Accommodates a mix of floppy- and hard-disk drives 


@ Single contiguous allocation 
@ Overlays 
@ Static relocation 


FILE MANAGEMENT 
e Named file system 
e@ Sequential and random organizations 
@ Allocation type: extents 
@ Can access file system from HLL 


CIRCLE NO 708 
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EDN »C OPERATING SYSTEMS DIRECTORY 


8-BIT CPU . REAL-TIME 
MC6809 OPERATING SYSTEM 


RELEASE DATE: 1980 
PRICE: $2700 


Motorola Semiconductor Products Inc SUPPORT LANGUAGES: Macro assembler; MPL compiler 

3102 N 56th St SYSGEN PROGRAM: Yes SOURCE CODE: Request quotation 
Phoenix, AZ 85018 LANGUAGE SYSTEM: Assembler 

Phone (602) 244-5714 NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 8k bytes RAM and M68MM19 or M68MM19A Monoboard Microcomputer Module 


16-BIT CPU REAL-TIME 
68000 OPERATING SYSTEM 


RELEASE DATE: November 1980 
PRICE: $5000 


TARGET MODEL: Versamodule 01 


pores uronduercy Rice wan llte SUPPORT LANGUAGES: Structured macro assembler; PASCAL 
3102 N 56th St roi 


rors atti ond aria SYSGEN PROGRAM: Yes (requires Exormacs) 
SOURCE CODE: Request quotation 


LANGUAGE SYSTEM: Assembly 


SYSTEM RESIDENCY: RAM NETWORK SUPPORT: No 


ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: Versamodule 01 
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8-BIT CPU REAL-TIME 
Z80 OPERATING SYSTEM 
RELEASE DATE: 1977 


PRICE: $4995 (sold only with CompuDAS 1) 
Ithaco Inc TARGET MODEL: CompuDAS 1 
735 W Clinton St. Box 818 SUPPORT LANGUAGES: DABIL (form of BASIC) incremental 
Ithaca, NY 14850 compiler 
oleae (607) 272-7640 SYSGEN PROGRAM: Not required SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: No 
SYSTEM RESIDENCY: EPROM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 24k bytes EPROM, 20k bytes RAM and CompuDAS 1 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ Multiusage: up to 5 users with 1k bytes (min) RAM per user @ Binding done during loading time 
@ Synchronizing scheme: pipeline @ Dynamic workspace relocation 


PERIPHERAL MANAGEMENT FILE MANAGEMENT 
e@ Supports CRTs, character and line printers, magnetic- and Not Available 
cartridge-tape drives and modems 
Provides device independence and DMA CIRCLE NO 678 
Uses interrupts and I/O multibuffering 
Accommodates a mix of hard- and floppy-disk drives 


16-BIT CPU REAL-TIME 
Z8001, 28002 OPERATING SYSTEM 


ZRTS 8000 RELEASE TIME: June 1981 


PRICE: $300 ($3500 unlimited licensing rights) 
Zilog Inc SUPPORT LANGUAGES: Z8000 PLZ/SYS and C 
10460 Bubb Rd SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
Cupertino, CA 95014 LANGUAGE SYSTEM: Z8000 PLZ/SYS 
Phone (408) 446-4666 NETWORK SUPPORT: No 


SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: None; most systems will use real-time clock 


PROCESSOR ALLOCATION/MANAGEMENT MEMORY MANAGEMENT 


@ System vs User mode @ Single contiguous allocation 
@ Multitasking: tasks can start/stop/suspend other tasks via @ Segmentation 
intertask communication @ Static relocation 
@ Synchronizing scheme: semaphore and mailbox @ Binding done during loading time 


PERIPHERAL MANAGEMENT FILE MANAGEMENT 


@ Supports CRTs Not Available 
e Uses interrupts 


CIRCLE NO 679 
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EDN »C OPERATING SYSTEMS DIRECTORY 


16-BIT CPU 
TMS9900 


Component Software OS 


Texas Instruments Inc 
Box 1443, MS 6404 
Houston, TX 77001 
Phone (713) 778-6690 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 6k bytes ROM and 3k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT 


@ Multitasking: unlimited number of tasks can start/stop/suspend 
other tasks via intertask communication 

@ Synchronizing scheme: semaphore, mailbox and message 
channels 


PERIPHERAL MANAGEMENT 
e Supports CRTs, character and line printers, floppy-disk drives 
and modems 
e Provides device independence and DMA 
e Uses interrupts and 1/O multibuffering 
e Accommodates a mix of floppy-cisk drives 


8-BIT CPU 
8080/8085 


MFTOS 


Ontel Corp 

250 Crossways Park Dr 
Woodbury, NY 11797 
Phone (516) 364-2121 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 


PROCESSOR ALLOCATION/MANAGEMENT 
e@ Multitasking: up to 64 tasks can start/stop/suspend other tasks 
using intertask communication _ 
e Multiusage: up to eight terminals share hard-disk drives; up to 16 
terminals share master station; 350 bytes (min) RAM per user 
@ Synchronizing scheme: semaphore and mailbox 


PERIPHERAL MANAGEMENT 
e Supports CRTs, line printers, floppy- and cartridge-disk drives, 
modems and, via subroutines (not OS drivers), magnetic-tape 
drives 
@ Provides device independence, DMA and spooling 
e Uses interrupts 
@ Accommodates a mix of hard-disk drives and various floppy- 
disk-drive capacities and densities 
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REAL-TIME 
OPERATING SYSTEM 


GENERAL-PURPOSE 
OPERATING SYSTEM 


RELEASE DATE: July 1979 

PRICE: $1000 per component 

SUPPORT LANGUAGES: 9900 assembler; Power BASIC and 
PASCAL interpreters; Microprocessor PASCAL compiler 

SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL: 96%, assembler: 4% 

NETWORK SUPPORT: Multidrop synchronous communication using 
HDLC protocol 


MEMORY MANAGEMENT 
e Segmentation 
@ Static and dynamic relocations 
@ Binding done during assembly/compilation, linking and loading 
times : 


FILE MANAGEMENT 
e Named file system and multilevel directory 
Sequential, contiguous and random organizations 
Allocation type: extents and single contiguous 
Can access file system from HLL containing constructs 
Password/security protection 


CIRCLE NO 703 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 


RELEASE DATE: June 1979 

PRICE: Depends on configuration 

TARGET MODEL: Ontel OP-1 

SUPPORT LANGUAGES: 8080 and 8085 assemblers; OPL and 
BASIC interpreters 

SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Local—16 terminals using standard IOS calls; 
Remote—VHM, MDOS/VF and HDOS/VF OSs 


SOURCE CODE: No 


MEMORY MANAGEMENT 
@ Dynamic relocation 
@ Binding done during loading time 


FILE MANAGEMENT 
e Named file system 
Sequential organization 
Random organization and ISAM (OPL only) 
Allocation type: linked list of sectors 
Can access file system from HLL containing constructs 
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OPERATING SYSTEM 
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8/16-BIT CPU 
6800/8080/8086/68000 


Industrial Programming Inc 
100 Jericho Quadrangle 
Jericho, NY 11753 

Phone (516) 938-6600 


SYSTEM RESIDENCY: RAM and ROM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 3k to 10k bytes ROM and 1k RAM 


( CATIONMANAGEMENT 


DEVELOPMENT 
OPERATING SYSTEM 


8-BIT CPU 
6800 


Omnibyte Corp 

245 W Roosevelt Rd, Bldg 1-5 
West Chicago, IL 60185 
Phone (312) 231-6880 


SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 


MINIMUM HARDWARE NEEDED: 91% bytes RAM, 2k bytes PROM or 2514k bytes RAM, 6k bytes PROM (Strubal+ and PROM-resident ODOS); console 
and floppy-disk drive (5% or 8 in.) 


N ANAGEMENT — / 
RTs, character printers, “oppy-aisk duce ‘and 
pe drives 
d ates up to four 8-in. or up to three 5%-in. floppy-disk 


files between 5 Va and 8-in. floppy-disk drives via four 
pecan ”~ Programs 


GENERAL-PURPOSE 
OPERATING SYSTEM 


REAL-TIME 
OPERATING SYSTEM 


RELEASE DATE: 1976-1981 

PRICE: $3500 to $9500 

SUPPORT LANGUAGES: PL/M-80, -86 and FORTRAN-S80, -86 
compilers; PASCAL86 and PASCAL68K 
SYSGEN PROGRAM: No 

LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Up to 255 nodes can send messages to/from 
mailboxes over fixed routes 


SOURCE CODE: Standard 


REAL-TIME 
OPERATING SYSTEM 


RELEASE DATE: 1978 

PRICE: $200 | 

TARGET MODEL: OB800, 850 

SUPPORT LANGUAGES: Hemenway RA6800ML and Omnibyte 
resident assemblers; BASIC interpreter; Hemenway Strubal+ compiler 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 

NETWORK SUPPORT: No 


ft “Named file oan  . 
- Sequential and contiguous organizations. 
Allocation type: single contiguous : 
Can access file system from HLL containing constructs 


COMMENTS: oDos is either RAM or PROM resident and has 
user-accessible routines to open and close files for input or 
output. PROM version eliminates the need to boot the OS from 
disk 


CIRCLE NO 706 
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Z8000* Memory Management 
Processor Board features 
4MHz Z8000 running with unique 
paged/segmented memory 
management. Includes interrupt 
controller, interval timers. Can also 
support PROMs and 9511 APU. 
Multi-User operating system 


a 


Intelligent Octal 1/O Board 
provides 8: RS-232 ports controlied 
by on-board 2650 microprocessoi. 
16K of dual-port RAM allows data 
transfers with no bus overhead. 
Includes standard terminal driver 
program, can hold 4K custom driver 
program in PROM. $700. 


OR TH 


NTRAL DATA 


ANSI Winchester Controller fully 
conforms to the proposed ANSI 
standard for 8" winchester disk 
drives. Custom microprogramming 
available to interface with other disk 
drive interfaces. Controls up to eight 


drives. $550. 


available. Standard Board $795 
Monitor PROMs $90 
9511 APU $265 


CORES ETM, me 


Static Ram Board adds 
either 16K or 32K of static 
memory to a Multibus 
system. 16K — $620 
32K— $1100 


32K-128K Dynamic 
RAM Board features low 
power consumption, 
standard parity checking; 
and ultra-high reliability. 
32K-$530 96K-$1080 
64K-S800 128K-$1350 


=r St CRETE a! oy 


Quad Serial interface 
Board hooks up to four EIA 
RS-232 interfaces to your 


system. $280 


Octal Serial Interface 
Board allows up to eight 
EIA RS-232 interfaces. 


$330 


eS 


Extender Board will raise 
a board being tested up to 
a height of 6.9 inches. $60 


Prototyping ‘Board will — 
accommodate up to 95 
16-pin sockets, allowing 
the user to wire wrap a 
prototype circuit. $55 


*Multibus is a trademark of Intel Corporation 
Z8000 is a trademark of Zilog Corporation 


Double Density Floppy 
Disk Controller adds from 
one to four double density 
standard sized floppy disk 
drives, either single or 
double-sided. $315 


Cartridge Disk Con- 
troller Board provides 
DMA transfers to or from 
cartridge disk drives with 
capacities of 10 or 20 
Mbytes. $435 


i a 


PROM Board allows the 
user to hook between 1K 
and 128K of PROM toa 

Multibus system. $140 — 


Mother Board can hold up 
to 15 Multibus cards with 
both P1 and P2 provided 
for each card position. 


$315 


Central Data Corporation 


P. O. Box 2530 Station A 
713 Edgebrook Drive Champaign, IL 61820 
(217) 359-8010 TWX 910-245-0787 


All prices are OEM quantity 25-99. 
Complete price list available on request. 
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THE WORLD 
s O 
optron : 
po OF ELECTRONICS 

That’s the fascinating subject of the 100-page editorial 
special section in EDN’s 25th Anniversary issue. 

EDN has asked more than thirty authors, each a leader in 
the field — as scientist, engineer, entrepreneur, author — to take 
on the role of visionary. Each has used his own experience as a 
database to project an acutely personal view of the electronic 

future. Some of the articles are serious, some lighthearted. Few 
_authors are in agreement and, considering the problems inher- 


ent in making predictions even one year in advance in this field, 
many are likely to arouse considerable controversy. 


Isaac Asimov Lewis Kornfeld 
Ray Bradbury Director, Tandy Corp./Radio Shack 
Alvin Toffler Jon Roland 
Author of Future Shock Microsystems Consultant 
George Gagliardi John M. Fluke | 
Electronic Systems Consultant, Arthur D. Little, Inc. Chairman of the Board, CEO, John Fluke Mfg. Co., Inc. 
Manny Fernandez James Healy 
President and Chief Executive, Zilog, Inc. Director of Sales & Mktg., GenRad Semiconductor Test, Inc. 
Arno A. Penzias Tom Lonergan 
Executive Director, Research, Bell Labs President, Wolfdata 
Jeff Montgomery Dr. Charles Kao 
President, Gnostic Concepts VP, Director of Engineering, ITT Cannon 
Edward Cornish Fred A. Blum 
President, World Future Society VP of Microelectronics R&D Center, Rockwell International 
D. Howard Phillips Hal Hellman 
Director, Electronics Research Lab, The Aerospace Corp. Freelance Telecommunications Writer 
Robert A. Pease Dr. Bullis 
Staff Scientist, National Semiconductor Chief of Electron Devices, National Bureau of Standards 


Plus other outstanding authors and features written by EDN’s editors 


DON’T MISS THIS EXCITING SPECIAL ISSUE! 


EIDINI The Hot design magazine 


A CAHNERS PUBLICATION ¢ 221 Columbus Avenue ¢ Boston, MA 02116 ¢ (617) 536-7780 —— 
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EDN uC Systems Design Series 


16-bit-uP benchmarks — 


an update with explanations 


A benchmark exercise is not your normal performance comparison. 
It develops a life of its own as faster Ps are introduced and better code 
is written. With market shares at stake, manufacturers fight fiercely 
to improve their showings and to make the implementations equivalent. 


Walt Patstone, Editor 


When EDN benchmarked the 8086, LSI-11/23, 
MC68000 and Z8002 (April 1, pgs 179-265), in the issue’s 
accompanying Editorial (pg 39) we proclaimed “no 
winner in this contest—save you.” Nevertheless, ads 
soon appeared declaring the 68000 the winner. 

Reader feedback to the article was heavy and 
positive. And of course, Motorola was highly pleased 
with our results. By contrast, Zilog was displeased 
because we reported the times for its 6-MHz part when 
it had a 10-MHz version under development. Worse, 
Intel informed us that we had erred: The data suite 
used by the 8086 in Benchmark I (Quicksort) differed 
from that used by the other competitors; thus, the 
8086’s execution time for that benchmark was overly 
long by comparison. 

Because subsequent investigations revealed addi- 
tional difficulties with the April 1 article, EDN 
reopened the benchmark project, soliciting new data 
from Intel, Motorola and Zilog. The effort—a most 
interesting one—has produced generally better code, 
more comparable algorithms and fewer timing inconsis- 
tencies, plus strong areas of disagreement over the 
“proper” interpretation of benchmarks and major 
differences of opinion over proper coding practices. 

During the updating project we also discovered, 
learned, invented, acquired, relearned or verified 
beyond a reasonable doubt (take your pick), The Three 
Not-So-Golden Rules of Benchmarking: 


eee —=E—eeeeeeeeeeeeee 


It’s impossible to get three strong competitors to 
agree on all aspects of a series of benchmarks. 
Nevertheless, EDN, Intel, Motorola and Zilog all 
devoted considerable effort to pointing out and resolv- 
ing differences or possible errors in the seven tests. 
Phone calls and Express Mail packages were supple- 
mented with a face-to-face meeting on July 31. One of 
the most memorable quotes of that meeting (from an IC 
manufacturer) was, “The history of benchmarks is one 
of finding ways to cut corners.” Anything goes—so long 
as the required functions are performed and the 


‘techniques used aren’t specifically forbidden. 


In EDN’s original benchmark exercise, we kept our 
guidelines somewhat vague and allowed deviations 
from the strictest interpretation of the Carnegie- 
Mellon specifications. Why? Because we wanted the 
manufacturers to be able to showcase the architectures 
of their wPs to the best advantage. “Microprocessors 
aren’t minicomputers or mainframes,” we reasoned, so 
we gave the contestants more flexibility than Carnegie- 
Mellon University did in its 1976 tests. To some extent 
we now regret this decision for two reasons: Because 
implementations weren’t as comparable in the April 1 
article as they could have been, and because we 
experienced major disagreements over the manner in 
which the benchmarks were implemented. 

Benchmark H (Linked-list insertion) illustrates the 
latter problem. Intel coded this benchmark with data in 
a 64k-byte space because it thought this a reasonable 
implementation. Motorola argued that because the 8086 
can address 1M bytes, it should use that larger data 
space. Intel’s position, which EDN allowed, held that 
“this particular implementation demonstrates how to 
manipulate data that’s contained in a single data 
segment.” Subsequently, Motorola recoded its Bench- 
mark H to also operate in a 64k space, reducing its 
execution time from 153 psec (for the 68000’s full 
16M-byte space) to 121 psec for a 64k space. 

By contrast, in Benchmark I (Quicksort), Intel chose 
to demonstrate the use of the 8086’s data-segmentation 
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Even the tightest rules 
won't eliminate discrepancies 


capability to handle large data structures, recognizing 
that this benchmark’s data suite exceeded one segment. 
However, Intel’s code makes each record a segment, 
taking advantage of the fact that EDN specified 
records that measure exactly 16 bytes long. Although 
all three programs require modifications to work with 
other record lengths, the Intel code may not be 
optimum for some of those lengths. For example, 
17-byte records would be noncontiguous in memory; 
that is, there would be gaps between each record. 

At this point, an important philosophical question 
arises: Are such code variations in the true spirit of the 
EDN benchmarks? After all, they do create inequities 
among the scores, making comparisons somewhat akin 
to judging peaches and pears. But we couldn’t give 
flexibility to the contestants with one hand, then 
arbitrarily take it back with the other. Rule 1 holds. 
But to minimize confusion or possible misinterpreta- 
tions, we note the discrepancies in Benchmark I in 
our data summary. 


Go by the book, or go to win? 


Rule 2 (Good code is the fastest possible code) should 
probably have a corollary: “If it works, it’s good—by 
definition.” A great many benchmarkers believe in this 
philosophy, arguing that the benchmark process tradi- 
tionally implies that you fine tune the code to the 
maximum extent permitted. At minimum, EDN can 
attest that this practice makes it extremely difficult to 
referee benchmark tests. 

Here again we have specific examples in mind. First, 
all of the new code for Benchmark I is optimized to 
some extent for the data suite that EDN used. Rather 
than doing comparisons on two records in memory a 
character at a time, Zilog, Motorola and Intel load the 
first character into a register, then perform a fast 
compare. Most of the time this comparison tells the wP 
whether it should do a sort on this iteration or jump 
immediately to the next record. This method speeds up 
execution times for the EDN data, but it might produce 
slower than optimum times with other data. 

Second, also in reference to Benchmark I, Motorola 
noted that Intel’s code makes each record a segment, 
then quoted from the programming guidelines in The 
8086 Family User’s Manual, 1979 Edition, pg 2-96: 
“Segment registers should only contain values supplied 
by the relocation and linkage facilities. Segment- 
register values may be used to and from memory, 
pushed onto the stack and popped from the stack. 
Segment registers should never be used to hold 
temporary values, nor should they be altered in any 
other way.” 

In rebuttal, Intel argued that “The manual states 
that this method is not a recommended procedure for 
general usage. However, if you’re constructing a base 


170 


to a segment, this is a perfectly acceptable technique. 
You do not want to redefine your segment selector to 
point to somewhere in the middle of your data segment. 
You don’t, ad hoc, change the segment-register value. 
In our Benchmark I we do define each record as being 
its own segment. Therefore, we can use a segment 
selector to point to the base of every record we are 
using.” Intel further explained, “The technique works, 
and works well. It’s represented within our RMX 
operating system through the concept of a ‘Token.’ A 
Token is issued to pass a segment base between tasks 
and the operating system for access to code or data.” 

Finally, a disagreement arose over Intel’s code for 
Benchmark A (FIFO interrupt handler), where the 
memory locations incremented by the interrupt-service 
routines reside within the code segment. Motorola 
cried “Foul!” reading from the programming guidelines 
on pg 2-97 of The 8086 Family User’s Manual that 
“,..varlable data should not be placed in a code segment 
...First, programs are simpler to understand if they are 
uniformly subdivided into segments of code, data and 
stack. Second, placing data in a code segment can 
restrict the segment’s position independence. This is 
because, in general, the segment base address of a data 
item may be changed, but the offset (displacement) of 
the data item may not. This means that the entire 
segment must be moved as a unit to avoid changing the 
offset of the constant data. If the constant data were 
located in a data segment or an extra segment, 
individual procedures within the code segment could be 
moved independently.” Motorola then emphasized, “In 
quality programming, counters are data and belong in 
data segments; code belongs in code segments.” 

In turn, Intel replied that the memory locations 
incremented by the interrupt-service routines are not 
code and are never executed. It further stated, “This is 
a simple implementation that is perfectly acceptable for 
the 8086. There is no reason why we shouldn’t be 
allowed to demonstrate this capability.” Intel also 
noted, “The point of disagreement here concerns the 
dummy service routine. This routine isn’t relevant to 
the intent of the benchmark, which is to measure 
interrupt response time.” 

‘These three examples make one very important 
point: When studying benchmarks, beware of the 
influence of Rule 2 and its corollary—the benchmark 
code may be too specialized to be useful in a general 
application without modification. 


A benchmark is much more than just one number 


It should be obvious to you by now that the results of 
even a single benchmark test are likely to contain many 
important pieces of information besides the execution 
time. Yet Rule 3 reflects a basic truism: Whenever 
suites of benchmarks are run, winners invariably tend 
to reduce all of the explanations and cautions—not to 
mention the many lines of code—down to a few simple 
comparative performance ratios, perhaps even just one 
number (obtained by some form of averaging). This 
practice makes no sense to.EDN at all. At best, it’s 
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When faster Ps are buiit... 


Zilog heated up the benchmark 
race considerably when it intro- 
duced a 10-MHz version of its 
Z8002 at Wescon/81. Motorola 
added fuel to the fire by an- 
nouncing a 12-MHz 68000. 

As the April 1 article pointed 
out, faster chips decrease execu- 
tion times. Thus, it’s definitely in 
the best interests of each manu- 
facturer to claim the availability of 
a “hot” wP. But you can easily see 
that the fire could be just smoke if 
the announced product exists only 
in the form of a promised future 


BENCHMARK TIMES 
FOR FASTER pP VERSIONS 


EXECUTION TIME (usec) 


10-MHz 12-MHz 
Z8002 68000 


26 26.7 
225 268 
114 187.9 

74 58 
122 100.8 

13,300 14,456 
338 305 


BENCHMARK 


mask shrink or in a nearly empty 
selection bin at the end of a busy 
production line. 

EDN has attempted to verify 
that both the 10-MHz Z8002 and 
12-MHz 68000 are “real.” We 
have obtained data sheets and 
have asked for—and received— 
written assurances that sample 
quantities of both machines are 
now available on distributors’ 
shelves. Thus, we feel obliged to 
include in this article the improved 
benchmark execution times that 
these two chips deliver (table). 


misrepresentative and overly simplified; at worst, it’s 
grossly misleading. 

In the April 1 article, we tried to discourage such 
interpretations by breaking the individual benchmark 
results into small tables, rather than combining them 
into one summary table. We scattered these individual 
results throughout the explanatory text, giving each its 
own caption and explanatory notes. Nevertheless, 
reports of our results focused only on execution-time 
data, ignoring all of our caveats. 

Taking the philosophical view that Rule 3 is unbreak- 
able, we have summarized all of our revised and 


updated benchmark data in expanded tabular form. 
This table includes columns headed CLOCK SPEED, 
MEMORY SPACE ADDRESSED and COMMENTS; 
note this data carefully; we doubt that you will see it 
repeated elsewhere. 

Finally, for those of you who are looking for some 
rather interesting reading, albeit with a rather dry 
dialog, we have included all of the code that has 
changed since the April 1 article. To the best of our 
knowledge this code is thoroughly debugged; however, 
time constraints have prevented us from thoroughly 
checking it. EDN 


16-BIT .P BENCHMARK UPDATE 


MEMORY 
CLOCK | CODE SPACE EXECUTION 
uP SPEED |BYTES* [ADDRESSED TIME* COMMENTS 
24 


1M BYTES 46.4 usec | PROGRAM MAINTAINS, WITHIN THE 64k BYTES OF CODE, THE MEMORY 
LOCATIONS TO BE INCREMENTED BY THE INTERRUPT-SERVICE ROUTINES. 
THIS TECHNIQUE IS NOT RECOMMENDED FOR GENERAL USE. 


BENCHMARK 
A 


1/0 INTERRUPT 
KERNEL 
24 16M BYTES 
18 64k BYTES 


1M BYTES 
16M BYTES 
64k BYTES 


1M BYTES 
16M BYTES 
64k BYTES 


1M BYTES 
16M BYTES 
64k BYTES 


32 usec 
42 usec 


8086 
68000 
Z8002 


8086 
8086 
Z8002 


8086 
68000 
Z8002 


H 64k BYTES 
LINKED-LIST 
INSERTION 


10 MHz 185 
10 MHz 130 
6 MHz 124 


10 MHz 44 
10 MHz 44 
6 MHz 66 


402 usec 
321.6 usec 
375 usec 


B 
1/0 KERNEL 
WITH FIFO PROCESSING 


211 usec 
225.2 usec 
190.4 usec 


E 
CHARACTER-STRING NEW DATA, SO NEW EXECUTION TIME. 
SEARCH NEW DATA, SO NEW EXECUTION TIME. 
10 MHz 42 
10 MHz 36 
6 MHz 44 


F 119 usec 

BIT SET, RESET, 69.6 usec 

TEST 124 usec 
THIS IMPLEMENTATION DEMONSTRATES HOW TO MANIPULATE 
DATA THAT’S CONTAINED IN A SINGLE 64k SEGMENT. 
THIS BENCHMARK WAS RECODED TO RUN IN 64k, THE FIRST AND LAST 32k 
OF THE MEMORY SPACE. CODED FOR A 16M-BYTE SPACE, IT TAKES 
106 CODE BYTES AND EXECUTES IN 153 usec. 


210 usec 


64k BYTES 121 usec 


64k BYTES 
1M BYTES {38,254 usec 


203 usec 


CODE IS OPTIMIZED FOR 16-BYTE RECORDS ONLY. USES PROGRAM TECH- 
NIQUES NOT RECOMMENDED IN 8086 FAMILY USER’S MANUAL. 


I 
QUICKSORT 


16M BYTES | 17,348 psec 
64k BYTES | 22,211 usec 


SUBROUTINE WILL FAIL IF THE BIT MATRIX RESIDES 
ABOVE A BYTE DISPLACEMENT OF 8k IN A DATA SEGMENT. 


8086 | 10 MHz 1M BYTES 523 usec 


K 
BIT-MATRIX 
TRANSPORTATION 68000 


Z8002 


16M BYTES 
64k BYTES 


10 MHz 74 
6 MHz 106 


366.2 usec 
563 psec 


*NOTE: DATA WAS SUPPLIED BY MANUFACTURERS. EDN SPOT-CHECKED THE 
EXECUTION TIMES; IT DID NOT VERIFY ALL OF THEM AS BEING CORRECT. 
ADDITIONAL DATA IS CONTAINED IN THE BOX, ‘‘WHEN FASTER pPs ARE BUILT...’ 


Consider ALL the relevant data before naming a victor in EDN’s updated benchmark tests. Note in particular the memory space 
addressed by each machine in each test and the comments relating to some of the code—they could be critically important to your 
application. Observe also that Zilog benchmarked the Z8002 rather than the segmented Z8001. 
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FR WORLD OF 
FASS-CASED 
MONOLITHIC 
*CERAMIC 
CAPACITORS 


From the world’s largest producer 
of monolithic, ceramic chip 
Capacitors and recognized leader 
in ceramic technology: a miniature 
axial-leaded capacitor designed 
specifically for high-speed automatic 
insertion. This new RPG series of 
glass-cased monolithics combine 
outstanding electrical and environ- 


Background photo 
A computer-enhanced coronagraph displays ; : 
the multicolored Afro of the normally mental performance with exception- 


a invisible ouler corona of the sun. ally tight dimensional tolerances 

Photo courtesy Marshall Space Flight Center critical to efficient auto-insertion. 
What's more, they meet virtually 
every application requirement at 


Highly reliable very competitive prices. 


monolithic 
chip capacitor 


Capacitance Range: 10 pF to | uF 
Voltage Rating: 25,50 & 100 VDC 
Temperature Characteristics 


No coating | 
or encapsulation a Se erreenrmtemrninnenimnens: C Of GISt anit 


materials on leads ~ and precise 


body dimensions (Material): NPO, X7R, Z5U 


Tolerance: +5% to +80, —20% 
Size: 0.100”D x 0.170” to 
0.150”D x 0.400” 


Discover our world of glass-cased 
monolithic ceramic capacitors for 
ACCUrately CONtCT CD amen penne yourself. Ask for complete cata- 
high strength . log: write to Murata Erie North 
welded leads America, Inc., 1148 Franklin 
Road, S.E., Marietta, GA 30067 
or call 404-952-9777. 


Durmet-glass 


hermetic seal iF NSS pm High strength 
: glass body 


Paladium-silver ———/ 
chip termination 


Regional Sales Offices: 
West—415-327-1520 
Southeast—305-644-0954 
tral—3 12-297-5560 
Nonhease 617245 ona0 . MURATA ERIE NORTH AMERICA, INC. 


Canada—613-392-258] 


CIRCLE NO 70 
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BENCHMARK A-8086 


1 je nn ee rrr rr 
= i 
2 i EDN MAGAZINE BENCHMARK STUDY 
a F 
5 F BENCHMARK A (1/0 INTERRUPT KERNEL, FOUR PRIORITY LEVELS) 
é i 
‘4 i JULY & 1901 
8 i 
9 r] eae Freee See Mente neat Seeme famne tape Otte senen <eemn “Emm SeNED hemes STES coaen SOSH ETE SIRE SONG AUER SORES SRM SEER AeeNT Stat AESEe eS cient Sere SRE SEES Se Aone EERE SURE GeNIE MORES MREMS Oe Gnm <UNEE GENE GEE! SERED GEE Gem “MIT Gunn mine mma Ghee smeme sunny Caner Sone sunue —anu: enmae SOuEY aupLt smug aamey Semen SeamY amy Sonar ONG ORE 
10 i 
11 i 
12 i PL/M-86 LINKAGE CONTROL 
Le | F 
14 CGROUP GROUP CODE 
15 DGROUP GROUP DATA 
16 ASSUME CS: CGROUP, DS: DGROUP 
a7 i 
18 i 
aed F DATA SEGMENT DECLARATION 
2O i 
i, 21 DATA SEGMENT AT 80H ‘DATA’ 
22 i 
0000 0000 23 TYPOGFF DW 0 
0002 0000 24 TYPOSEG DW 0 
29 i 
0004 0000 26 TYP1OFF DW 6) 
0006 00006 27 TYPISEG DW 8) 
28 i 
0008 0000 29 TYP2OFF DW 0 
OO0O0A 0000 30 TYP2SEG DW 0) 
a | i 
000C 0000 32 TYP30OFF DW .@) 
OOOE 0000 33 TYP3SEG DW 0 
34 i 
en 30 DATA ENDS 
36 i 
as i 
38 +1 EJECT 
me i 
40 i 
41 i CODE SEGMENT DECLARATION 
42 i 
See 43 CODE SEGMENT PUBLIC ‘CODE’ 
44 i 
45 PUBLIC BNCHFROG 
44 i 
0000 47 BNCHPROG PROC NEAR 
0000 C70600003E00 R 48 MOV TYPOOFF, OFFSET(ISRO) ; INITIALIZE INTERRUPT POINTERS 
0006 C7060200---- R 49 MOV TYPOSEG, CODE 
000C €70604004400 R 90 MOV TYPIOFF, OFFSETCISR1I) 
OO012 €7060600---- R ko MOV TYPISEG, CODE 
0018 C70608004A00 R ad MOV TYP2OFF, OFFSET CISR2) 
OOLE C7060A00---— R ra MOV TYP2SEG, CODE 
0024 €7060C005000 R 04 MOV TYPSOFF, OFFSET (ISR3) 
002A C7060E00---- R eb MOV TYPSSEG, CODE 
pe Fn i 
0030 BAFCFF of MOV DX, OFFFCH ; START TIMING COUNTER 
0033 BS80100 28 MOV AX, OJH 
0036 EF 59 OUT DX, AX 
a 69 
0037 CDOO él INT 0 >; SIMULATE TYPE O INTERRUPT 
62 i 
0039 BB80000 63 MOV AX, OH ; STOP TIMING COUNTER 
OOSC. EF 64 OUT DX, AX 
55 F 
003D C3 4& RET 
67 F 
68 BNCHPROG ENDP 
69 F 
70 i 
7. 1 SE JECT 
“ Sc cassia eaes = t«“‘«é‘“‘«‘“«“tC ag kee inion ance na es aang ae Simca ee | tC(“‘«‘«‘«C me Smit 
73 : 
74 i 
72 i INTERRUPT SERVICE ROUTINES 
76 i 
77 i 
OO3SE 2EFFO654606 R 78 ISRO: INC cS: COUNTO ; INCREMENT COUNT FOR INTERRUPT O 
0043 CF 79 IRET 
80 i 
0044 2EFFO65800 R 81 ISR1: INC CS: COUNT 1 ; INCREMENT COUNT FOR INTERRUPT 1 
0049 CF B2 IRET 
S33 F 
004A 2ZEFFOSSA0O R 84 ISR2: INC CS: COUNT2 ; INCREMENT COUNT FOR INTERRUPT 2 
OO4F CF 85 IRET 
864 i 
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BENCHMARK A-8086 (continued) 


DEFFO65CO0 , ISR INC CS: COUNTS INCREMENT COUNT FOR INTERRUPT 3 
CF IRET 


COUNTO COUNT FOR INTERRUPT 
COUNT1 i COUNT FOR INTERRUPT 
COUNT2 ; COUNT FOR INTERRUPT 
COUNTS i COUNT FOR INTERRUPT 


CODE 


’ 


; 


BENCHMARK B-8086 


i BENCHMARK B 


H 
2 i 
a i FOR THE EDN ALGORITHM AND DATA: 
4 i 165 BYTES 402.2 MICROSECONDS AT 10MHZ O WAITSTATES 
Fa i 
4 j SPHHERKHRKKKKKRHKKKHHHHRHHAHHKHKHRHHEKKHHHHHEEHHHHHHHRHEHHHHHRHHHHE HHH HHH HHHHHHHHH 
7 ; 
8B i THE PERFORMANCE IS FOR INDIVIDUAL INTERRUPTS ON 1,.2,;3 AND 
y i 4 FOLLOWED BY 3 SUCCESSIVE INTERRUPTS ON 2 FOLLOWED BY FIVE 
10 i SUCCESSIVE LEVEL 3 INTERRUPTS. THE INDIVIDUAL INTERRUPTS 
11 i ARE INDIVIDUALLY SERVICED AND DO NOT FORCE QUEUING OF 
2 i INTERRUPTS. THE THREE LEVEL 2 INTERRUPTS CAUSE QUEUING OF 
13 i LEVEL TWO INTERRUPTS. AFTER ALL LEVEL 2 INTERRUPTS ARE 
14 i SERVICED, THE FIVE LEVEL THREE INTERRUPTS ARE ISSUED TO 
12 ; CAUSE QUEING OF THESE INTERRUPTS. THE SUCCESSIVE LEVEL 2 
14 i AND LEVEL 3 INTERRUPTS ARE ISSUE SEPARATELY SUCH THAT LEVEL 
17 i 3 INTERRUPTS ARE NOT QUEVED WITH LEVEL 2 INTERRUPTS. THiS 
18 F HAS BEEN INTEL ’S INTERPRETATION OF THE REQUESTED TEST SUITE. 
19 i 
?O j HMHHHKKHKHHHKHKHHHAHRHHHRHHKHHHEHHEHRHHHE HHH HER EHH EHEHRHHHREHHHRHHHHHHHHHHHKRERH HHH HG 
21 i 
ae i 
23 F 
24 i THIS ROUTINE ASSUMES AN 82594 PIC PROGRAMMED IN THE AUTOMATIC END 
2 i OF INTERRUPT MODE WITH INTERRUPTS FOR THE I/0 DEVICES PROGRAMMED AT 
26 i 32 THROUGH 35 HEX. THE ROUTINE QUEVES I/0 INTERRUPTS IN A 128 WORD 
2 i FIFO AND SERVICES THE INTERRUPTS BY COUNTING THE NUMBER OF 
28 ; INTERRUPTS OF EACH TYPE. FACH 1/0 HAS ITS OWN 16 BIT COUNT REGISTER 
29 i 
30 i 
re | F REGISTER USAGE: AX = TEMPORARY 
= RX = FIFO OUT POINTER 
i i DI = DEVICE ID 
34 DS = QUEUE, DATA SEGMENT 
oo F 
36 i 
a7 i THIS IMPLEMENTATION ASSUMES THE COUNTING REGISTERS 
38 i FOR THE DUMMY 1/0 SERVICE TASKS ARE CONTAINED IN THE 
af i THE SAME DATA SEGMENT AS THE QUEUE. 
40 i 
41 i THE QUEVE AND INTERRUPT SERVICE ROUTINES MAY BE LOCATED 
2 j ANYWHERE IN THE 8086’‘S 1 MEGABYTE ADDRESS SPACE. 
43 
ad 
45 i EQUATES 
464 
0000 47 DEV32 ID EQu OF 
9002 48 DEV33_1D EQU QO?H 
0004 49 DEV34_1D EQuU O4H 
0006 rel @ DEV35_ID EQU O46H 
OOFPF ol ON EGU OFFH 
Ie 
ie | 
es 54 INTR POINTERS SEGMENT 
OO8O i 8, ORG 324 
26 
OO80 OO0CO-—<= R 57 TYPE 32 DD DEV32 INTR 
0084 2/00----— R 58 TYPE, 33 DD DEV33 _INTR 
O0O8S AEOO=-—-= R 59 TYPE 34 DD DEV34 INTR 
00sc 7500---- R 40 TYPE. 32 DD DEV35_INTR 
61 
ee b2 INTR POINTERS ENDS 
fea 
44 
6&9 
66 
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0100 


0102 
0104 


(128 
GG0O 


se pe 
20 
oI 
le 


BFOOOO 


BB-~-- 
BEDS 


A10201 
BBDS 


Svar 
0402 
ABOQ2O01 


BOFF 


R6040001 


ABFF 
7476 


Le 
or. 
28 
2B 
CF 


oa a 
20 
a7 
i = 


BFO2O0O 


Bg---- 
BEDS 


A10201 
SBDa 


893F 
0402 
A30201 


BOFF 


86060001 


AGFF 
7453 


ve 
20 


7Q 
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BENCHMARK B-8086 (continued) 


DATA SEGMENT WORD 


QUEUE DW 


RUNFLAG DB 2 DUP(O) 
QUEUE _IN DW + 
INTR_ COUNTERS DW 4 DUP(O) 
DATA ENDS 
CODE GEGMENT PARA PUBLIC 
ASSUME CS: CODE: DS: DATA 
DEV32_INTR PROC FAR 
PUSH BX 
PUSH AX 
PUSH pI 
PUSH DS 
Mov DI, DEV32_1D 
Mov AX, SEG QUEUE 
MOV DS, AX 
MOV AX, QUEVE_IN 
May BX, AX 
MOV CBX1, DI 
ADD Al, 2 
MoV QUEVE_ IN, AX 
MoV Ai, ON 
XCHO AL, RUNFILAG 
TEST AL, ON 
JZ SERVICE _NEXT 
POP DS 
POP DI 
POP AX 
POP BX 
IRET 
DEV32_INTR ENDP 
DEV23_INTR PROC FAR 
PUSH BX 
PUSH AX 
PUSH DI 
PUSH DS 
MOV DI, DEV33 ID 
Mav AX, SEG QUEUE 
Mov DS, AX 
MOV AX, QUEVE_IN 
MOV BX, AX 
MOV CBX], DI 
ADD AL,» 2 
MOV QUEUE_IN, AX 
MoV AL. ON 
XCHG AL, RUNFLAG 
TEST AL, ON 
a? SERVICE NEXT 
POP DS 
POP DI 
POP AX 
POP Rx 
IRET 
DEV33_INTR ENDP 
DEV24_INTR PROC FAR 
PUSH BX 
PUSH AX 


PUBLIC ‘DATA?’ 


128 DUP(O) ; I/O FIFO AREA 


i RUNFLAG 


iPOINTER TO NEXT QUEVE ENTRY 
i 1/0 INTERRUPT COUNTERS 


CODE 


i SAVE REGISTERS 


;LOAD DEVICE [D 


; LOAD DATA SEGMENT ADDRESS 
yO THE Para. 


;GET POINTER 10 THE NEXT 
iFIFO ENIRY. 


:PUT 170 ID IN) THE. FIFO, 

; ADJUST FIFO INPUT POINTER. 
>; SAVE UPDATED QUEVE_IN PNR. 
;TOUST AND SET THE RUNFLAG 
;@O SERVICE THIS INTERRUPT 
;1m NO OTHERS IN THE QUEUE. 


;RPSTORE REGISTERS 


i SAVE REGISTERS 


7LQAD DEVICE ID 


; LOAD DATA SEGMENT ADDRESS 
;OF THE FIFO 


,GET POINTER TO THE NEXT 
;FIFO ENTRY. 


;PUT 170 ID IN THE FIFO. 
;ADUJUST FIFO INPUT POINTER. 
; SAVE UPDATED QUEVE_IN PNTR. 
; TST AND SET THE RUNFLAG. 
;@O SERVICE THIS INTERRUPT 

; 2! NO OTHERS IN THE QUEUE. 


; RESTORE REGISTERS 


i SAVE REGISTERS 


175 


BENCHMARK B-8086 (continued) 


0050 57 147 PUSH DI 
0051 1£ 149 PUSH DS 
149 
0052 BFO400 150 MOV DI, DEV34 ID »LOAD DEVICE ID 
151 
0055 Bs---- R 152 MOV AX, SEG QUEUE »LOAD DATA SEGMENT 4DDRESS 
0058 SEDs 153 mMaYV DS; AX ;0F THE FIFO. 
154 
OO5A 410201 R 155 MOV AX, QUEVE_IN ;GET POINTER TO THE NEXT 
OO5D Srp 154 Mav BX, AX iF IFO ENTRY. 
Lor j 
OO5F 893F 158 Mav CBX], DI iPUT 1/0 ID IN THE FIFO. 
0061 C402 _ 159 ADD ee i ADJUST FIFQ INPUT POINTER. 
0063 AB0201 R 146 MOV GUEVE_IN, AX iSAVE UPDATED QUEUE_IN PNTR. 
141 
60066 BOFF 162 MOV AL, ON i TLST AND SET THE RUNFLAG. 
0068 86940001 R 163 XCHG AL. RUNFILAG 
OQO04&C ASFFE 164 TEST AL. ON 
OO6E 742¢ 165 JZ SERVICE _NEXT iGO SERVICE THIS INTERRUPT 
164 i NO OTHERS IN THE QUEUE. 
167 i 
0070 1F 168 POP DS +RESTORE REGISTERS 
0071 5SF 149 POP DI 
0072 58 170 POP AX 
0073 5B 171 POP BX 
0074 CF 172 IRET 
173 DEV34_ INTR ENDP 
174 
0075 175 DEV35 _INTR PROC FAR 
0075 53 176 PUSH BX i SAVE REGISTERS 
0074 50 177 PUSH AX 
0077 57 178 PUSH DI 
0078 1E 179 PUSH DS 
180 ; 
0079 BFO600 181 mMayv DI, DEV35_ ID ;LOAD DEVICE Tp. 
182 j 
OO7C BB----~ R 183 MOV AX, SEG QUEUE iLOAD DATA SEGMENT ADDRESS 
OO7F SEDS 184 MOV DS, AX i OF THE FIFC. 
185 i 
0081 A10201 R 186 MoV AX, QUEUE_IN iGET POINTER TO THE NEXT 
0084 SBDES 187 MOV BX, AX i FIFO ENTRY 
188 F 
0086 893F 189 MOV CBxI, DT IPUF 170 ID IN THE Fire 
0088 0402 190 ADD Ala 2 PADJUST FIFO LNPUT POINTER. 
OOBA A30201 R 191 MOV QUEUE _IN, AX i SAVE UPDATED QUEVE_IN PNTR. 
192 j 
CO8D BOFF 193 mMayv Al. ON i TST AND SET THE RUNELAG. 
OOSF 86040001 R 194 XCHG AL, RUNFLAG 
0093 ASFF 195 TEST Al. ON 
0095 7405 196 JZ SERVICE NEXT iGO SERVICE THIS INTERRUPT 
197 P17 NO OTHERS IM THE QUEUE. 
196 j 
0097 iF | 199 POP DS iRESTORE REGISTERS 
0098 5SF 200 POP DI 
0099 58 201 POP AX 
009A 5B 202 POP Bx 
O09B CF 203 IRET 
204 DEV35 INTR ENDP 
205 
206 
207 
208 
O09C 209 SERVICE NEXT PROC NEAR 
210 
O09C a4 CONTINUE SERVICING: 
00°C 8B2F ane, MoV DI. CBX] -CeT W706 7D 
OOSE FB 213 STI ;ENABLE INTERRUPTS 
21d 
215 
2146 
OO9F a1 7 DUMMY [9 SERVICING: 
OO9F FFS50401 R 218 INC INTR COUNTERSCDTI] 
P19 
GOA3 220 RETURN_FROM_I0 SERVICING: 
O0A3 FA 224 CLI i DISARLE INTERRUPTS 
0044 80C202 ao ADD BL,2 i DELETE THIS 1/0 REQUEST 
OOA7 SBILEO2O1 R 229 CMP BX, QUEUE _IN i TPST IF DONE 
OOAB 7S5EF 224 JNE CONTINUE SERVICING ;GOQ BACK IF MORE 1/0 REQUESTS 
eye) 
OCAD 33C0 oo7 XOR AX, AX iNQ MORE 3/0 REQUESTS, RESET 
OOAF A2O001 R 2B MOY RUNFLAG, AL iRUNFLAG. 
229 
OOB2 iF 230 POP DS 
OOBS3 5SF 231 POP DI *RESTORE MACHINE STATE 
OOB4 58 232 POP AX 
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dependability, Abbott has been the outstanding choice 
for over 20 years. The “V” Models (60 Hz to DC) offer 


you this proven reliability plus many important features 


that make them ideal for exacting military applications 
where MIL-STD-810C performance is called for. 


ENVIRONMENTALLY PROTECTED. Hermetically 
sealed and encapsulated to meet the severe environ- 
ments of humidity, salt spray, sand, dust, etc. 

SHOCK RESISTANT. Encapsulation protects unit from 
shock and vibration. Case is strong, copper-plated steel. 
LOW EMI/RFI. Exceptionally low noise, these units 
meet the EMI and RFI requirements of most systems. 
WIDE RANGE. 140 standard ‘“V” Models are available 
with outputs from 5 VDC to 59 VDC and 5 to 240 watts. 


ENGINEERING SUPPORT. Abbott factory-direct sales- 


men are electrical engineers and provide professional 
help in solving your particular power source problems. 
In addition, our application engineers are experienced 
electronic system designers. This team is available to 
assist you in making the proper power supply selection. 
SERVICE AFTER SALE. Abbott service does not end 
with delivery. Our application and customer service 
engineers make sure our products function success- 
fully in your application. Another good reason to 
specify Abbott. Abbott Transistor Laboratories, Inc., 
Power Supply Div., Western Office: 5200 W. Jefferson 
Blvd., Los Angeles, CA 90016. 213/936-8185. Eastern 
Office: 1224 Anderson Ave., Fort Lee, NJ 07024. 
201/224-6900. 


SEND FOR NEW FULL LINE CATALOG. 
1,355 MODELS 
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When reliability is imperative. 


Where conditions demand the ultimate in power supply 


69.700 HRS. MTBF. 


IN NAVAL SHELTERED ENVIRONMENT 
Calculated according to MIL HDBK 217C at 50°C. 
Each Abbott Power Supply undergoes no less than 41 
inspections and tests including critical testing of all 
incoming materials and components per MIL-STD-105D, 
exhaustive mechanical and electrical testing, and a 
severe hermetic seal pressure immersion test. Our 
workmanship standards and quality assurance program 
have qualified Abbott for many applications requiring 
MIL-STD-454. 


abbott 
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BENCHMARK B-8086 (continued) 


POP BX 
TRET 


OOBS SB 


OOB6é CF ;RETURN TO INTERRUPTED PROGRAM 


SERVICE NEXT 


ENDP 


ENDS 


END 


BENCHMARK B-MC68000 


1 OPT BRS ,FRS 

2 

4 * 

4 * MC68000 EDN BENCHMARK B 

5 * 

6 a FIFO I/0 INTERRUPT HANDLER, FOUR INTERRUPT LEVELS 

7 * 

8 * NOTES: 1) FOUR INTERRUPT VECTORS ARE ASSUMED TO 

9 ~ POINT TO THE INTERRUPT ENTRY POINTS. 

10 * 2) THE MC68000 INTERRUPT SEQUENCE TAKES 44 

11 = CYCLES WITH AN ASSUMED INTERRUPT 

12 ~ ACKNOWLEDGE BUS CYCLE OF 4 CYCLES. 

is * 3) INTERRUPTS ARE TAKEN FROM ANYWHERE IN 

14 * THE MC68000 16 MEGABYTE ADDRESS SPACE. 

15 ~ 

16 * LINES: 44 

17 bi BYTES: 130 

18 ud 

19 * MC68000L10 BENCHMARK TIME: 268.800 MICROSECONDS 

20 * MC68000L12 BENCHMARK TIME: 224.000 MICROSECONDS 

21 * 

22 

23 ~ 

24 * REGISTER USE: AO - ADDRESS POINTER 

25 x 

26 

27 

28 * INTERRUPT HANDLERS 

29 0 00000000 2F08 INTRPT1 MOVE.L AO ,-(SP) SAVE WORK REGISTER 

30 0 00000002 3078008A MOVE QUEUEIN,AO FIND NEXT ENTRY IN QUEUE 
31 0 00000006 30BC0082 MOVE #COUNTER1, (AO) PLACE COUNTER ADDRESS IN 
32 0 OOODO000A 5438008B ADD .B #2 ,QUEUEIN+1 UPDATE TO NEXT QUEUE ENTRY 
33 0 OOODODOE 4AF8028C TAS FLAG TEST FOR NESTED INTERRUPT 
34 0 00000012 6A4C BPL PROCESS BRANCH IF NOT TO PROCESS 
35 0 00000014 205F MOVE.L (SP)+,A0 RESTORE REGISTER 

36 0 00000016 4E&73 RTE RETURN FROM INTERRUPTS 

of 

38 0 00000018 2F08 INTRPT2 MOVE.L AO ,-(SP) SAVE WORK REGISTER 

39 0 0000001A 3078008A MOVE QUEUEIN,AO FIND NEXT ENTRY IN QUEUE 
40 0 OOODOD1E 30BC0084 MOVE #COUNTER2,(A0) PLACE COUNTER ADDRESS IN 
41 0 00000022 5478008B ADD #2, QUEUEIN+1 UPDATE TO NEXT QUEUE ENTRY 
42 0 00000026 4AF8028C TAS FLAG TEST FOR NESTED INTERRUPT 
43 0 0000002A 6A34 BPL PROCESS BRANCH IF NOT TO PROCESS 
44 0 0000002C 205F MOVE.L (SP)+,A0 RESTORE REGISTER 

45 0 0000002E 4E73 RTE RETURN FROM INTERRUPTS 

46 

47 0 00000030 2F08 INTRPT3 MOVE.L AO ,-(SP) SAVE WORK REGISTER 

48 0 00000032 3078008A MOVE QUEUEIN,AO FIND NEXT ENTRY IN QUEUE 
49 0 00000036 30BC0086 MOVE #COUNTER3, (AO) PLACE COUNTER ADDRESS IN 
50 0 0000003A 54780088 ADD #2 ,QUEUEIN+1 UPDATE TO NEXT QUEUE ENTRY 
51 0 OO00003E 4AF8028C TAS FLAG TEST FOR NESTED INTERRUPT 
52 0 00000042 6A1C BPL PROCESS BRANCH IF NOT TO PROCESS 
53 0 00000044 205F MOVE.L (SP)+,A0 RESTORE REGISTER 

54 0 00000046 4£73 RTE RETURN FROM INTERRUPTS 

95 

56 0 00000048 2F08 INTRPT4 MOVE.L AO ,-(SP) SAVE WORK REGISTER 

57 0 0000004A 3078008A MOVE QUEUEIN,AO FIND NEXT ENTRY IN QUEUE 
58 0 QO00004E 30BC0088 MOVE #COUNTER4, (AO) PLACE COUNTER ADDRESS IN 
59 0 00000052 5478008B ADD #2,QUEUEIN+1 UPDATE TO NEXT QUEUE ENTRY 
60 0 00000056 4AF8028C TAS FLAG TEST FOR NESTED INTERRUPT 
61 0 OOO0O005A 6A04 BPL PROCESS BRANCH IF NOT TO PROCESS 
62 0 O0000005C 205F MOVE.L (SP)+,A0 RESTORE REGISTER 

63 0 QOOOO005E 4£73 RTE RETURN FROM INTERRUPTS 

64 

65 

66 * PROCESS NEXT INTERRUPT 

67 0 00000060 3F08 PROCESS MOVE AO ,-(SP) SAVE QUEUE LOCATION ON STACK 
2 0 00000062 46FC2000 MOVE #$2000,SR ENABLE INTERRUPTS 

70 * SIMULATE DEVICE HANDLER 

71 0 00000066 3050 MOVE (AO) ,A0 LOAD COUNTER'S ADDRESS 
72 0 00000068 5250 ADD #1,(A0) INCREMENT IT BY ONE 

is 

74 * FINISH INTERRUPT PROCESSING 

75 0 OOO0006A 46FC2700 MOVE #$2700,SR DISABLE INTERRUPTS 

76 0 OOOOOO6GE 542F0001 ADD .B #2,1(SP) GO TO NEXT ENTRY IN THE QUEUE 
77 0 00000072 305F MOVE (SP)+,A0 LOAD ITS ADDRESS 
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NOW! 


The bigger...better...FREE General Electric Test 
Instrument Rental Catalog! 


All new, with an expanded listing of rental equip- 
ment from leading manufacturers! Eighty pages 
of the most wanted test and measurement 
instruments fully calibrated to manufacturers’ 
specs and ready for FAST delivery. 


Order your free copy—NOW! 


“OK, GE! That’s what 
an instrument rental 


RC fe catalog should be!” 

w QoS Write: Quick «rental instruments 

NEWI co : GENERAL ELECTRIC COMPANY 
: git™ Instrumentation & Communication 

aw 9 , ie Equipment Service Department 

FREE! ott | Building 4, Room 210 
1 River Road 


Schenectady, N.Y. 12345 


BIGGER! 
BETTER! GENERAL @@ ELECTRIC 


CIRCLE NO 72 


WANTTOSEEHOW TORELOAD =| gestae 
OURTWO-TRACK TRANSPORT? | Peerenteete cee 


Because they automatically switch to 
the second track. So you get twice the 
storage of ordinary transports without 
waiting for rewind. Datalogging and 
unattended recording stations don't 
have to risk data loss anymore. 

It’s designed for reliability. The per- 
manently aligned tape head never needs 
adjusting. 

You'll like MFE’s new door design, too. 
It’s extremely easy to load, and there are 
no linkages or complicated mechanical 
parts to go wrong. 

And our tape handling system is so 
advanced it’s virtually mistake-proof. 
Even if you accidentally eject the cassette 
while it’s running at 120 ips, you wont 
damage the tape. 

MFE’s 453 series is available with or 
without a door. We also offer the 250 
series single-track transport. 

If you'd like to see a demonstration 
of how the 453 series automatically 
switches tracks, contact us. 

But we can tell you now. You won't 
see a thing. 

Call 800-258-3884. 

Or write MFE 
Corporation, 
Keewaydin Drive, 
Salem, NH 03079. 
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00000074 
00000078 


BOF 8008A 
66E6 


OO000007A 4238028C 


OOO00007E 


205F 


00000080 4£73 


00000082 


0000 


00000084 0000 
00000086 0000 
00000088 0000 


0000008A O008C 


0000008C 


00000000 


0000028C 00 


0000 
0002 
0004 
0006 
0008 
OO00A 
000C 
0008 
0010 
0012 
0014 
9015 


0018 
QOOLA 
O001LC 
OOLE 
0020 
0022 
0024 
0025 
0028 
002A 
002C 
002E 


0030 
0032 
0034 
0036 
0038 
003A 
003C 
003E 
0040 
0042 
0044 
0046 


0048 
O04A 
004C 
004E 
0050 
0052 
0054 
0056 
0058 
OO5A 
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93F 1 
6101 
09012° 
ODL5 
00037 
6801 
00137 
4005 
00107 
ED26 
O7 FL 
7B00 


93F 1 
6LO1 
0012” 
ODL5 
000A~ 
6801 
00137 
4C06 
001L0~ 
EDLA 
97FL 
7B09 


93F1 
6101 
00127 
OD15 
000C~ 
6801 
00137 
4C05 
0010° 
EDOE 
97F1 
7B00 


93F1 
6LOL 
0012~ 
ODL5 
O00E” 
6801 
00137 
4C05 
00107 
EDO2 


CMP QUEUEIN,AO 
BNE PROCESS 
CLR.B FLAG 
MOVE.L  (SP)+,A0 
RTE 


* INTERRUPT COUNTERS 
COUNTER1 DC 0 
COUNTER2 DC 0 
COUNTER3 DC 0 
COUNTER4 DC 0 


* QUEUE POINTER 
QUEUEIN DC QUEUE 
* QUEUE PROPER 


QUEUE DCB 256,0 


* INTERRUPT IN PROGRESS FLAG 


FLAG DC.B 0 


END 
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TEST END. OF LIST 
PROCESS IT IF NOT 

SHOW NO ELEMENTS QUEUED 
RESTORE WORK REGISTER 
RETURN FROM INTERRUPT 


INTERRUPT COUNTER ONE 
INTERRUPT COUNTER TWO 
INTERRUPT COUNTER THREE 
INTERRUPT COUNTER FOUR 


NEXT ENTRY TO USE 


DEFINE THE QUEUE 


INTERRUPT IN PROGRESS INDICATOR 


BENCHMARK B-Z8002 


‘Example B: I/O Interruot Kernel, FIFO Processing! 


Srel 0 


‘In this benchmark, the four devices each have unique 
vectors for interrupts. The order of the devices on the 
diasy chain is irrelevant, as the oriorityv pvrocessing is 
done in the FIFO vrocessing routine. 


! 
INTRPTL: 
PUSH @SP,ADRPT 
LD ADRPT,QUEIN 
LD @ADRPT, #COUNTERL 
INCB QUEIN+1, #2 
TSETB FLAG 
JR PL,PROCESS 
POP ADRPT,@SP 
IRET 
INTRPT2: 
PUSH @SP,ADRPT 
LD ADRPT,QUEIN 
LD @ADRPT, #COUNTER2 
INCB QUEIN+1, #2 
TSETB FLAG 
JR PL,PROCESS 
POP ADRPT,4@€SP 
IRET 
INTRPT3: 


PUSH @SP,ADRPT 
LD ADRPT,QUEIN 


LD @ADRPT, #COUNTER3 
INCB QUEIN+1, #2 
TSETB FLAG 
JR PL,PROCESS 
POP ADRPT,4SP 
IRET 

INTRPT4: 
PUSH @SP,ADRPT 
LD ADRPT,QUEIN 
LD @ADRPT, #COUNTER4 
INCB QUEIN+1, #2 
TSETB FLAG 


JR PL,PROCESS 


!Save working register ! 
!Address of next entry ! 


!Counter adr on queue ! 

!Update QUEIN to next entry 
'Test if nested interrupt ! 
!No, orocess current one ! 
!Restore working register ! 


{Return from interrupt ! 


!Save working register ! 
!Address of next entry ! 


!Counter adr on queue ! 

{Update QUEIN to next entry 
'Test if nested interrupt ! 
!No, orocess current one ! 
!Restore working register ! 


'Retucn from interruvt ! 


!Save working register ! 
!Address of next entry ! 


{Counter adr on queue ! 

!Uodate QUEIN to next entry 
'Test if nested interrupt ! 
!'No, process current one ! 
!Restore working register ! 


{Return from interrupt ! 


!Save working register ! 
!Address of next entry ! 


!Counter adr on queue ! 
{Update QUEIN to next entry 
'Test if nested interrupt ! 


!No, process current one ! 
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0000 


OOTE 


OO3C 


OOSA 


0678 


0079 


0088 
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30303030303030 
30303030303030 
30303030303030 
3036232030303030 
3030 
303630303630306 
30363030303030 
30303030303030 
30303030303030 
3030 
48455245303030 
303030303030230 
303030303G63030 
30303030303030 
3030 
48455245204953 
2041204D415443 
48303030303030 
30303030303030 
3030 

ere) 


48455245204953 
2041204D415443 
48 
ere) 


Ba---- 
BECO 
BFOOOO 


B97800 


BENCHMARK B-Z8002 (continued) 


POP ADRPT,4@SP 
IRET 


PROCESS: 
PUSH @SP,ADRPT 
EI VI 
LD ADRPT,@ADRPT 
INC @ADRPT 
DI VI 
POP ADRPT,@SP 
INCB ADRPTL, #2 
CP ADRPT,QUEIN 


JR NE,PROCESS 
CLRB FLAG 


POP ADRPT,@SP 
TRET 


end KERNEL 


'Restore working register ! 
'Return from interrupt ! 


!Save queue location ! 

‘Enable interrupts ! 

1Get counter’s adr from queue ! 
!'Increment counter ! 

!Disable interrupts ! 

'Restore last saved ADRPT ! 
!De-queue entry ! 

'End of queue?! 


INo, keeo vrocessing ! 


'yes, show no elements gueued ! 


'Restore working register ! 
'Return from interruot | 


BENCHMARK E-8086 


i NAME SEARCH 

2 

3 DGROUP GROUP DATA 

4 DATA SEGMENT PUBLIC ‘DATA’ 

5 

& TABLE _START DB 7000000006000000006000006000000 ’ 

7 St DB ?000000000000000000000000000000 ’ 

8 S2 DB ‘HERE 00000000000000000000000000 ’ 

9 S3 DB ‘HERE IS A MATCHOOO000000000000 ’ 
10 TABLE_END DB O 

11 

2 STRING _START DB ‘HERE IS & MATCH’ 

is STRING _END DB 3) 

14 

i5 , THE DATA TABLE IS 120 CHARACTERS IN LENGTH. A PARTIAL MATCH 
16 - IS FOUND IN POSITION 60. THE ACTUAL MATCH IS IN POSITION 90. 
17 

i8 

19 DATA ENDS 

20 

2 CGROUP GROUP CODE 

22 ASSUME CS: CGROUP. DS: DGROUP, ES: DGROUP. SS: DGROUP 
23 PUBLIC BNCHPROG 

Es CODE SEGMENT PUBLIC ‘CODE’ 

25 

26 BNCHPROG PROC 

a7 ; SETUP POINTERS FOR SEARCH 

= 

29 MoV AX, SEG TABLE START -ES DI IS TABLE PTR 
30 MOV ES, AX 

31 MoV DI, OFFSET TABLE START 

q2 

33 MoV CX, OFFSET TABLE_END 

34 ;GET START ADDRESS OF SEARCH 
35 TABLE 

34 SUB CX, OFFSET TABLE START 

37 CX IS TABLE LENGTH 

38 

39 MOV DS. AX ;DS:SI IS STR PTR 

40 MOV SI,GFFSET STRING START 

41 
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0014 


0017 


O01B 
OO1E 
0021 


0022 
0023 
0024 
0025 
0026 
0028 
002A 


002B 
002B 
002c 
002D 
002F 
0032 


0035 
0037 
0038 
OO3A 
003B 
003C 
OO3D 


OO3SE 
OO3SF 
0040 
0042 
0044 
0046 


0048 
0049 


O04B 
O04C 
004D 
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BBS800 


B1EB7900 


BAFCFF 
280100 
EF 


Fe 

AE 
7406 
BFFFEP 
EBI790O 


SA 
98 


C3 


R 


R 


BENCHMARK E-8086 (continued) 


42 MOV BX, OFFSET STRING END 

43 iLOAD END OF CHARACTER BUFFI-R 
44 SUB BX, OFFSET STRING _START 

45 i BX IS STR_LNGTH 

4& 

i i START THE CLOCK 

48 

49 MOV DX, OF FFCH i; INITIALIZE PORT ADDRESS 

50 MOV AX, 1 i CONTROL WORD TO START COUNTER 
51 OUT DX, AX i START COUNTER 

52 

3 i; THE BENCHMARK PROCEDURE 

54 , 

55 

56 ; EDN BENCHMARK FOR IAPX 86 

S7 j CHARACTER SEARCH 

58 ; 

59 ; 

450 ; ASSUMPTIONS: 1 VALID DATA FOR SRCHLNGTH 

&1 j AND MINLNGTH (SRCHLNGTH2=MINLNGTEH) 

52 ; 2 PARAMETERS ARE PASSED IN REGISTERS AS FULLOWS: 
63 ; ES: DI TABLE PTR 

64 ; DS: SI STR PTR 

65 ; CX TABLE LNGTH 

456 ; BX STR INGTH 

7 ; 3 THE LOCATION OF THE STRING IS RETURNED IN DI 
68 j 4 WORKING REGISTERS (AX & DX) ARE PUSHED 
69 AND POPPED 

70 ; 

71 ; 

72 

73 i SAVE WORK REGISTERS 

74 PUSH AX 

7D PUSH DX 

764 PUSH CX i SAVE LENGTH 

7 CLD 

78 MOV AL, CSI i LOAD FIRST CHAR 

79 SUB CX: BX iLENGTH DIFFERENCE 

BO INC CX iPOSSIBLE SEARCH COUNT 

81 iFIND MATCH TO FIRST CHARACTER 

an) 

83 TRYNXT: 

B84 REPNE SCASB i SCAN WHILE NOT EQUAL 

B5 JE MATCH1 ; JUMP ON MATCH 

86 NOTFND: MOV DI,-1 iSET NOT FOUND FLAG 

87 JMP DONE i EXIT 

88 

89 iFIRST CHARACTER MATCH HAS BEEN FOUND 

90 i COMPARE THE REST OF THE STRING 

Ft 

2 MATCH1: MOV DX, cx iSAVE POSSIBLE SEARCH COUNT 
93 PUSH DI i SAVE PLACE IN TAI_E 

94 MOV CX, BX i LOAD STR _LNGTH 

95 PUSH SI i SAVE STR PTR 

96 DEC DI iRETEST FIRST (IN CASE LENE:1) 
97 REPE CMPSB i COMPARE STRING 

98 

99 i DROP THROUGH IF THE STRING DOES NOP MATCH OR WHEN 
100 i CX=0 (THE ENTIRE STRING MATCHES) 
101 
102 POP Si i RESTORE STR PTR 
103 POP DI iRESTORE PLACE IN TABLE 
104 MOV CX, DX i RESTORE POSSIBLE SEARCH COUNT 
105 JE FOUND i STRING MATCHES 
1046 JCXZ NOTFND i END OF STRING, NO MATCH 
107 JMP TRYNXT i TRY NEXT BYTE IN TABLE 
108 
109 FOUND: POP DI iGET TABLE LENGTH 
110 SUB DI, DX i COMPUTE PTR TO STR IN TABLI- 
111 
112 i; RESTORE REGISTERS 
113 
114 DONE: POP DX 
115 POP AX 
116 
117 RET »>RETURN TO CALLING ROUTINE 
118 BNCHPROG ENDP 
119 
120 CODE ENDS 
121 

22 END 


EDN SEPTEMBER 16, 1981 


eee 


BENCHMARK F-8086 


t CARNEGIE-MELLON BENCHMARK SERIES [F] 
a F 
3 BIT TEST, SET, OR RESET FOR 8086 
4 j 
‘5 SEGA SEGMENT 
— é ASSUME CS: SEGA, DS: SEGA, ES: SEGA, SS: SECA 
Ps F 
g THREE PARAMETERS ARE PASSED TO THE ROUTINE IN THE FOLLOWING REGISTERS: 
sg ; 
10 A1i=POINTER TO BIT STRING IN REG. BX 
11 N=NUMBER OF ADDRESSED BIT (O<=N2=1000) IN REG. CX 
12 F=FUNCTION CODE (1=TEST. 2=SET, 3=RESET) IN REG. DX 
13 j 
14 IT IS ASSUMED THAT THE BIT ARRAY IS LOCATED WITHIN THE CURRENT DS REG. 
15 THE ORIGINAL BIT STATE (0 OR 1) IS RETURNED IN REG. AX 
16 F 
17 BENCHF PROC 
0000 i8 PUSH SI ;WILL BE USED FOR ARRAY ACCESSING 
0000 36 19 PUSH CX ; IF BIT NUMBER MUST BE RETURNED UNALTERED 
20 PUSH DX ; IF FUNCTION CODE MUST BE RETURNED UNALTERED 
D4 MOV AX, CX ; LOAD BIT ADDRESS FOR FIELD SEPARATION 
0001 SBC1 a2 SAR AX, 1 ; SHIFT RIGHT ONE BIT WITH ZERO FILL 
0007 DIFS 25 MOV SI, AX , STORE ENCOMPASSING BYTE ADDRESS IN INDEX REG. 
0009 SBFO 26 AND CL, 00000111B ;MASK BIT POSITION WITHIN BYTE FIELD 
OOOB 80E107 a7 MOV AL, CBXICSTI] ; ACCESS SI’TH ELEMENT OF ARRAY BX (BIT STRING) 
OOOE BA0O 28 ROR AL, CL ROTATE LOW BYTE CIRCULARLY BY (CL) BITS 
0010 D2c8 mo ; 
30 BIT TO BE TESTED/ALTERED NOW IN LSB OF REGISTER AL 
wt ; 
32 DEC Dx ;REDUCE FUNCTION CODE TO 0 (=SET) OR 1 (=RESET) 
0012 4A 39 DEC DX 
0013 4A 34 CMP DX, 1 ;CHECK BOUNDS OF ARGUMENT (NO ACTION IF *1) 
0014 83FA01 35 JA NOCHANGE 
0017 770€ 36 MOV AH, AL ; SAVE BIT PATTERN FOR LATER USE AS RETURN CODE 
0019 8AEO 37 OR rae | ;FORCE ADDRESSED BIT (STILL IN AL?) SET 
001B OCcOl 38 XOR Al.v Dk. >; COMPLEMENT BIT TQ 0 IF FUNCTION CODE = RESET 
001D 32Ce2 39 ROL AL, CL ;REALIGN ORIGINAL DATA BYTE WITH MODIFIED BIT 
OO1F Deco 40 MOV CBXILSI), AL. -REPLACE MODIFIED BYTE IN BIT ARRAY 
0021 8800 41 MOV AL, AH ; RESTORE ADDRESSED BIT TO 1LSB OR AL 
0023 SAC4 i NOCHANGE: 
0029 43 AND AX, OOO1H ,;MASK IRRELEVENT BITS SQ RETURN CODE = © OR 1 
0025 250100 44 POP DX ; RESTORE FUNCTION CODE IF REQUIRED 
45 POP CX >RESTORE ACCESSED BIT ADDRESS IF REQUIRED 
4& POP oT ;RESTORE REGISTER USED FOR ARRAY ELEMENT ACCESS 
0028 SE 47 RET 
0029 C3 48 
49 BENCHF ENDP 
1 @) j 
vo j 
54 TEST SEQUENCE FOR ABOVE ROUTINE: 
Jo i 
002A BB7FO090 56 MOV BX, OFFSET T_ARRAY 
O002ZE B9OADD 2 MOV Cx, 10 ; BIT NUMBER = 10 
0031 BAO100 59 MOV DX, 4 ; FUNCTION CODE = Ths 
0034 ERC9OFF 59 CALL BENCHF 
0037 B9OBOO0 60 MOV Cx Tt ;BIT NUMBER = 11 
003A BAOI00 él MOV DX, 1 ; FUNCTION CODE = TEST 
003D ESCOFF 62 CALL BENCHF 
0040 B97B00 3 MOV ee Ee ; BIT NUMBER = 123 
0043 BAO100 64 MOV DXi ; FUNCTION CODE = TrST 
0046 ESB7FF 65 CALL BENCHF 
0049 BIO0ADO 64 MOV CX, 10 ;BIT NUMBER = 10 
004C BAOZ00 6&7 MOV oe ae ; FUNCTION CODE = SET 
O04F EBAEFF 68 CALL BENCHF 
0052 B9O0BOO 69 MOV CX, 11 ;BIT NUMBER = 11 
0055 BA02Z00 70 MOV De ; FUNCTION CODE = SET 
0058 ESA5FF 71 CALL BENCHF 
005B B97BOO0 ye MOV CX,123 ;BIT NUMBER = 123 
OO5E BAOZOO 7 MOV Dx. ; FUNCTION CODE = SET 
0061 ES9CFF 74 CALL BENCHF 
0064 B90A00 75 MOV CX, 10 ; BIT NUMBER = 10 
0067 BAO300 76 MOV DX, 3 ; FUNCTION CODE = RESET 
006A ES93FF 77 CALL BENCHF 
006D B9OBOO 78 MOV 6x) 44 ;BIT NUMBER = 11 
0070 BAO300 79 MOV DX, 3 ; FUNCTION CODE = RESET 
0073 ESS8AFF ate) CALL BENCHF 
0076 B97BOO 81 MOV ox,126 ,BIT NUMBER = 123 
0079 BA0300 82 MOV DX, 3 ; FUNCTION CODE = RESET 
007C ESS1FF 83 CALL BENCHF 
84 A 
85 TEST DATA STRUCTURE FOR BIT ARRAY: 
84 i 
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ON  —————— 
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BENCHMARK F-8086 (continued) 


OO7F (125 87 T_ARRAY DB 125 DUP(10101010B) 
AA 
) 


ENDS 


END 
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1 F CARNEGTE-MELLON BENCHMARK SERIES [H] 
2 i 
3 F LINKED LIST INSERTION FOR 8086 
4 i 
et 2 SEGA SEGMENT 
6 ASSUME CS: SEGA, DS: SEGA, ES: SEGA, SS: SEGA 
Zz F 
8 i TWO PARAMETERS ARE PASSED TO THE SUBROUTINE IN THE FOLLOWING REGISTERS: 
9 ; 
10 i BX=POINTER TO LIST COMMAND BLOCK: HEAD (2-BYTE POINTER) 
11 i TAIL (2-BY1TE POINTER) 
12 i NUMENT (2 BYTES) 
13 i DI=POINTER TO NEW RECORD TO INSERT: KEY (32-BIT SIGNED VALUE) 
14 i NFXT (2-BYTE POINTER) 
i9 i PREV (2-BYTE POINTER) 
16 i 
is i IT IS ASSUMED THE CURRENT LIST, CONTROL BLOCK, AND NEW DATA 
18 j ARE ALL IN THE ACTIVE DATA SEGMENT 
19 i 
Means 20 CONTROL STRUC i CONTROL BLOCK STRUCTURE 
0000 21 HEAD DW fd iFIRST WORD OF CONTROL BLOCK = LIST HEAD 
0002 22 TAIL DW ? i SECOND WORD = LIST TAIL 
0004 23 NUMENT DW ? i THIRD WORD = NUMBER OF ENTRIES IN LIST 
Se 24 CONTROL ENDS 
2o j 
Ses 26 ENTRY STRUC i DEFINITION OF EACH ENTRY DATA STRUCTURE 
0000 27 KEY LO DW ? iFIRST WORD OF RECORD = LOW-ORDER DATA 
0002 28 KEY HI DW ? i SECOND WORD = HIGH--ORDER DATA 
0004 29 NEXT DW ie i THIRD WORD = NEXT RECORD POINTER 
0006 30 PREV DW ? i FOURTH WORD = PREVIOUS RECORD POINTER 
Sa 31 ENTRY ENDS 
32 i 
REG 33 NEW EQU DI iPOINTER TO RECORD TO BE INGERTED 
REG 34 LIST_CB EQU BX iPOSITION OF LIST CONTROL BLOCK 
REG 35 PRESENT EQU SI *;POSITION IN SEGMENT OF RECORD BEING TESTED 
36 i 
0000 Fd BENCHH PROC 
0000 50 38 PUSH AX iREGISTER WILL BE USED FOR KEY(HIGH) COMPARISON 
0ooo1 S2 39 PUSH DX iREGISTER USED FOR KEY(LOW) COMPARISON 
0002 Si 40 PUSH CX i}USED TO COUNT CYCLES THROUGH KEY TEST SEQUENCE 
0003 56 4i PUSH SI iREGISTER WILL BE USED FOR RECORD ACCESSINE 
42 i 
0004 8B4F04 43 MOV CX, CLIST CB]. NUMENT i LOAD COUNT OF RECORDS IN LIST 
Aa i 
45 F INITIALIZE LIST ENTRY AND CONTROL BLOCK IF LIST EMPTY: 
46 i 
0007 E3S5A 47 JCXZ EMPTY i VERIFY THAT RECORD LIST NOT EMPTY 
48 j : 
49 i LIST NOT EMPTY,’ SO INITIALIZE REGISTERS FGR KEY TEST SEQUENCE: 
30 i 
0009 8B37 re B | MOV PRESENT, CLIST_CB]. HEAD iPOINT TO FIRST RECORD 
OOOB FF4704 D2 INC WORD PTR CLIST_CBJ. NUMENT 
OOOCE 8B4502 oo MOV AX, C(NEW]. KEY_HI i LOAD HIGH-ORDER PORTION OF NEW KEY 
0011 8Bi5 04 MOV DX, CNEW]. KEY_LO iLOAD LOW-ORDER PORTION 
0013 EBO3 se Ho JMP SHORT TSTKEY 
Fe Yen} i 
0015 8B7404 27 LNKANXT: MOV PRESENT, CPRESENT]. NEXT iFOLLOW LINK TO NEXT RECORD 
98 i 
39 F COMPARE KEY OF NEW RECORD WITH KEY OF CURRENT RECORD. 
60 F WHILE NEW. KEY >= PRESENT. KEY & PRESENT. NEXT>O DO PRESENT: =PRESENT. NEXT; 
él i 
0018 3B4402 62 TSTKEY: CMP AX, CPRESENT]. KEY_HI i PERFORM SIGNED-COMPARE OF HIGH WORD 
O001B 7FO6 63 JG DONCHK i BRANCH IF NEWKEY<CURRENT KEY 
OO1D 7CO6 64 JL INSERT i BRANCH IF NEWKEY>CURRENT KEY 
OO1F 3B14 é&>9 CMP DX, CPRESENT]). KEY_LO i PERFORM UNSIGNED-COMPARE OF LOW WORD 
0021 7202 66 JB INSERT i BRANCH IF NEWKEY>CURRENT KEY 
0023 E2FO Ob? DONCHK: LOOP LNKNXT i}REPEAT LOOP IF NOT AT END OF LIST 
68 i 
0025 469 INSERT: 
70 i AT THIS POINT, THE CONTENTS OF CX INDICATE HOW TEST Loop WAS EXITED 
7a i (CX=0 IF NEW. KEY >= PRESENT. KEY, CX>0 IF NEW. KEY < PRESENT. KEY) 
72 i 
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GENERAL 
INSTRUMENT 


CIRCLE NO 74 


_ Seven types. 
Thirty-nine variations. 


One company. 


The company is General 
Instrument. And if you use 
optoisolators, you Il prob- 
ably find what you need here. 

Every kind of device is 
included in our line: photo- 
transistor, both single and 
dual, photo-darlington and 
split darlington, photo-SCR 
and bi-directional SCR and 
open collector logic gate. 
Together, they are a total 
capability spanning data 
transmission, AC line moni- 
toring and simple switching 

And these are just our 
current off-the-shelf capa- 
bilities. Selected optoiso- 
lators are not a problem at 
General Instrument. Our 
application assistance team 
will work with you to specify 
the parameters your design 
requires. 

More than 110 distributor 
locations carry the General 
Instrument line of opto- 
isolators. 

For more information or 
application assistance, 
contact your local General 
Instrument representative. 
Or write to General Instru- 
ment, Dept. MCD-3, 3400 
Hillview Ave., Palo Alto, CA 
94304. 


The light. 
heavyweight 


185 


BENCHMARK H-8086 (continued) 


73 i IF PRESENT. PREV = 0 AND NEW. KEY < PRESENT. KEY THEN "NEW LIST HEAD" 
74 i 
0025 33C0 vo XOR AX, AX ; CLEAR AX REGISTER 
0027 3B4406 76 CMP AX, CPRESENT]. PREV 
002A 7S50F a JNZ ELSE1 ; BRANCH AHEAD IF PRESENT. PREV > O 
002C ES3OD 78 JCXZ ELSE1 A OR IF NEW. KEY >= PRESENT. KEY 
79 i 
80 F INSERT NEW AT HEAD OF LIST 
81 ; 
OO2E 893F 82 MOV CLIST_CB]. HEAD, NEW 
0030 894506 83 MOV CNEW]. PREV, AX sNOTE THAT AX=0 
0033 897C06 84 MOV CPRESENT]. PREV, NEW 
0036 897504 85 MOV CNEW]. NEXT, PRESENT 
0039 EB23 86 JMP” SHORT LST_RET 
87 i 
0038 88 ELSE1: 
89 i IF NEW. KEY >=. PRESENT. KEY THEN “NEW LIST TAIL” 
90 i 
O003B OBC? 91 OR CX, CX ; TEST CONTENTS OF CX 
O03D 750E 92 JNZ ELSE2 ; BRANCH AHEAD IF CX>0 
93 i 
94 i INSERT AT TAIL OF LIST 
o> i 
OO3SF 897C04 96 MOV CPRESENT]. NEXT, NEW 
0042 897F02 97 MOV CLIST_CB]. TAIL, NEW 
0045 894504 98 MOV CNEW]. NEXT, AX i>NOTE AX=0 
0048 8975046 99 MOV CNEW]. PREV, PRESENT 
O0O4B EB1i1 100 JMP SHORT LST_RET 
101 i 
004D 102 ELSE2: 
103 i INSERT IN MIDDLE: 
104 i 
004D 897504 105 MOV CNEW]. NEXT, PRESENT 
0050 8B4406 106 MOV AX, CPRESENT]. PREV 
0053 894506 107 MOV CNEW]. PREV, AX 
0056 897C06 108 MOV CPRESENT]. PREV, NEW 
109 i 
110 i BACK UP AND LINK WITH PREDECESSOR: 
1il i 
0059 8BFO 112 MOV PRESENT, AX ; AX LOADED WITH PRESENT. PREV ABOVE 
OOSB 897C04 its MOV CPRESENT]. NEXT, NEW 
114 i 
OOSE 115 LST_RET: 
OOSE SE 116 POP SI 
OOSF 59 117 POP CX 
0060 SA 118 POP DX 
0061 58 119 POP AX 
0062 C3 120 RET 
121 A 
0063 893F 122 EMPTY: MOV CLIST_CB1. HEAD, NEW 
0065 897FO02 123 MOV CLIST_CB]. TAIL, NEW 
0068 FF4704 . 124 INC WORD PTR CLIST_CBIJ. NUMENT 
OO6B 894D04 125 MOV CNEW]. NEXT, CX ; CLEAR POINTER FIELDS (NOTE CX=0) 
OSO6E 894D06 126 MOV CNEWIJ. PREV, CX 
0071 EBEB 127 JMP LST_RET 
128 i 
129 BENCHH ENDP 
130 i 
131 j Sees 
132 +1 SEVJECT 
0073 90 133 EVEN i ALIGN DATA ON WORD BOUNDARIES 
134 i 
135 i DATA STRUCTURES AVAILABLE TO TEST ABOVE ALGORITHM: 
136 i 
0074 ???? 137 TBLOCK DW ? 
0076 PPT? 138 DW ? 
0078 0000 139 DW 0 
140 i 
OO7A 4523 141 TREC_1 DW 2345H 
007C 0100 142 DW OOO1LH 
OO7E PP? 143 DW ? 
0080 3??? 144 DW ? 
145 i 
0082 0023 146 TREC 2 DW 2300H 
0084 0100 147 DW OOO1H 
0086 ??77 148 DW ? 
0088 Y??? 149 DW 4 
150 i 
OOBA 4433 151 TREC_3 DW 3344H 
OOsC 0100 152 DW OOO0O1H 
OOBE ???T iss DW 2 
0090 7??? 154 DW ? 
b ioew os i 
0092 4523 156 TREC 4 DW 2345H 
0094 0100 157 DW OOO1H 
0096 ???? 158 DW ? 
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oooeoeo 


BB7400 
BF7A00 
ESSSFF 
BF8200 
ES4FFF 
BFSA0O 
ES49FF 
BF9200 
E843FF 
BFIAODO 
ES3DFF 
EBFE 
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159 
160 
161 
162 
163 
164 
1465 
166 
147 
168 
149 
170 
171 
172 
173 
174 
1795 
176 
177 
178 
179 


TEST SEQUENCE TO VERIFY ABOVE ALGORITHM: 


MOV 
MOV 
CALL 
MOV 
CALL. 
MOV 
CALL 
MOV 
CALL. 
MOV 
CALL. 
JMP 


BX, OFFSET 
DI, OFFSET 
BENCHH 
DI, OFFSET 
BENCHH 
DI, OFFSET 
BENCHIH 
Di, OFFSET 
BENCHH 
DI, OFFSET 
BENCHH 

$ 


TBLOCK 
TREC_1 


TREC_2 


TREC_3 
TREC_4 


TREC_5 


00000000 
00000004 


00000006 
00000008 
OOO0000A 
0000000C 
00000010 


00000012 
00000016 
OO00001A 


00000004 
00000002 
00000000 


00000006 
00000004 
00000000 


44680004 
660C 


30C9 
30C9 
5250 
42A90004 
4E75 


48A7C020 
52680004 
2011 


+ tt + FF F FHF FFF HE HH HF HH F FF FF HF F 


* DEFINITION OF LIST CONTROL BLOCK 
4 


180 
181 
182 
183 


ENDS 


END 


BENCHMARK H-MC68000 


OPT 


LINK 
ATTRIBUTES: 


INPUT: 


OUTPUT:.- 


BRS 


MC68000 EDN BENCHMARK H 


ED LIST INSERTION (SHORT ADDRESSES) 


64K BYTES ADDRESSING. RANGE 

POSITION INDEPENDENT 

REENTRANT 

NO REWRITE NEEDED FOR DIFFERENT ADDRESSING 
RANGE SINCE THE MC68000 HAS NO CUMBERSOME 
SEGMENT HANDLING REQUIREMENTS 


+ + + 


AO - LIST CONTROL BLOCK 
Al - NEW LIST ENTRY POINTER 


THE NEW ENTRY IS PROPERLY CHAINED IN THE LINK 


ALL OTHER REGISTERS ARE TRANSPARENT OVER THIS ROUTINE 


MC68000L10 BENCHMARK TIME: 
MC68000L12 BENCHMARK TIME: 


NUMENTRY EQU 


LINES: 33 
BYTES: 100 


121.000 MICROSECONDS 
100.833 MICROSECONDS 


COUNT OF ENTRIES 


TAIL EQU 2 CURRENT TAIL 

HEAD EQU 0 CURRENT HEAD 

* DEFINITION OF LIST ENTRY 

PREV EQU 6 PREVIOUS ENTRY IN CHAIN 

NEXT EQuU 4 NEXT ENTRY IN CHAIN 

KEY EQU 0 32 BIT BINARY KEY 

* LIST INSERT SUBROUTINE 

INSERT TST NUMENTRY (AO) TEST IF LIST IS EMPTY 
BNE NOTEMP TY BRANCH IF NOT 

* LIST IS EMPTY - START IT UP 
MOVE A1l,(A0)+ SET FIRST HEAD 
MOVE A1,(A0)+ SET FIRST TAIL 
ADD #1,(A0) INCREMENT ENTRY COUNT 
CLR <b NEXT(A1) CLEAR NEW.NEXT AND PREV 
RTS RETURN TO CALLER 

* REGISTER USAGE: | 

* DO - NEW KEY VALUE AO - LISTCB POINTER 

: Dl - NEXT CURRENT Al - NEW ENTRY POINTER 


NOTEMPTY MOVEM 


ADD 
MOVE. 


A2 - CURRENT ENTRY POINTER 


SAVE WORK REGISTERS 
INCREMENT ENTRY COUNT 
LOAD NEW KEY 


DO/D1/A2,-(SP) 
#1,NUMENTRY (AO) 
L KEY(A1),D0 
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59 0 0000001C 3450 MOVE HEAD(AO) ,A2 START LIST SCAN 
60 0 OOOOOOLE B092 CMP .L KEY(A2) ,DO TEST IF IN VERY FRONT . 
61 0 00000020 6C1A BGE SEARCH BRANCH IF NOT NEW FIRST 
62 
63 * ADD TO VERY BEGINNING 
64 0 00000022 3089 MOVE Al ,HEAD(A0O) SET NEW HEAD 
65 0 00000024 35490006 MOVE Al ,PREV(A2) OLDFIRST.PREVY TO NEW 
66 0 00000028 334A0004 MOVE A2,NEXT(A1) SET NEW.NEXT TO OLD FIRST 
67 0 0000002C 42690006 CLR PREV(A1) ZERO NEW.PREV 
68 0 00000030 602C BRA FINISH GO FINISH UP 
69 
+ 70 * ADD TO TAIL END 
71 0 00000032 31490002 ADDEND MOVE A1,TAIL(AO) NEW ENTRY IS NOW TAIL 
72 0 00000036 234A0004 MOVE.L A2 ,NEXT(A1 ) SET NEW.NEXT ZERO AND NEW.PREV 
73 0 OOO00003A 601E BRA FINISHL GO FINISH UP 
74 
75 * SEARCH FOR CORRECT PLACEMENT 
76 0 0000003C 322A0004 SEARCH MOVE NEXT(A2),D1 TO NEXT LIST ENTRY ADDRESS 
77 0 00000040 67F0 BEQ. ADDEND ADD NEW TO END IF NO MORE 
78 0 00000042 3441 MOVE D1,A2 READY NEW CURRENT POINTER 
79 0 00000044 B092 CMP.L KEY(A2) ,DO TEST IF BEYOND KEY VALUE 
80 0 00000046 6CF4 BGE SEARCH LOOP IF GREATER OR EQUAL 
81 
82 * INSERT IN MIDDLE BEFORE CURRENT ENTRY 
83 0 00000048 334A0004 MOVE A2,NEXT(A1) SET NEW.NEXT TO CURRENT 
84 0 0000004C 336A00060006 MOVE PREV(A2),PREV(AL) SET CURRENT EARLIER TO NEW.PREV 
85 0 00000052 35490006 MOVE A1,PREV(A2) SET CURREN.PREV TO NEW 
86 0 00000056 34690006 MOVE PREV(A1),A2 LOAD CURRENT EARLIER ADDRESS 
87 0 OOO00005A 35490004 FINISHL MOVE Al ,NEXT(A2) SET EARLIER.NEXT TO NEW 
88 
89 * RESTORE REGISTERS AND RETURN 
90 0 OOOO0005E 4C9F0403 FINISH MOVEM (SP)+,D0/D1/A2 RESTORE REGISTERS 
91 0 00000062 4£75 RTS RETURN TO CALLER 
92 
93 END 
BENCHMARK H module 
!Example H -- Insertion in a doubly linked list. 
CALL INSERT with the following arguments: 
R5 = Pointer to List Control’ Block 
R4 = Pointer to element to be inserted 
! 
constant 
HEAD = 0 i ‘Structtire of List control biock |! 
TAIL = 2 
NUM = 4 
KEYI = 0 ! Structure of each entry ! 
NEXT = 4 
PREV 2= 56 
KBY = RRO ! Register allocation ! 
NEXTAD = R2 
PREVAD = R3 
NEWENTRY := R4 ! Address of element to be Linked ! 
LISTCB = R5 ! Address of List control’ block ! 
SP = RLS 
global INSERT procedure 
0900 Srel’ 0 
entry 
0000 91F0 PUSHL @SP,RRO ! Save work registers ! 
0002 91LF2 PUSHL aSPp,RR2 
0904 $333 SUB PREVAD, PREVAD ! Clear back otr. ! 
0006 4D54 TEST NUM(LISTCB8) ! Check for first entry ! 
0008 0004 
000A EEOS JR NZ,NOTFIRST 
O000C 8322 SUB NEXTAD, NEXTAD ! Clear forward ptr. ! 
OOOE 2F54 LD @LISTC8,NEWENTRY! Set head in tca ! 
0OO01LO 5SF54 LD TAIL(LISTCB) ,NEWENTRY ! Set tail in LCB ! 
0012 0002 
0014 E818 JR UPNEW 
NOTFIRST: 
0016 1440 LDL KEY, @QNEWENTRY ! Get the new key ! 
OOLS 2i52 LD NEXTAD,@LISTCB ! Start scan at head ! 
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When it comes to quality photo, 
take your best shot. 


When youre looking for quality selections to fit your exact needs. Plus 
phototransistors, photodiodes, photo fiber optics! 
arrays and opto couplers, Fairchild is Were price-competitive and will 
your best shot. assist you with design-in applications. 
We have the wide variety For information, call (415) 962-5011 
of photo couplers you've been Fairchild Optoelectronics Division, 
looking for. Double-molded MS 4-307, 464 Ellis St. Mountain View, 
single anddualcouplers(60or8 | | | | f nm CA 94042. 
pin DIP) with high V(iso) UL- || hauattentee! | ee % OCS 
approved 2.5 kVand upto7.5 kV. | \ mT , oe 6 FAIRCHILD 
A wide range of packages, from : 


low-cost T1 or T1 3/4 plastic | iy 7 ayo i a @ a & aia 


phototransistor to hermetic ; 
The Light Source. 


metal can. And the parametric 
Fairchild Camera & Instrument Corp. 


France: Fairchild Camera & Instrument S.A., 121 Ave. d’Italie, 75013 Paris. Tel: 331 584 55 66. Telex: 0042 200614. Italy: Fairchild Semiconduttori S.P.A., Viale Corsica 7, 20133 Milano. 

Tel: 02 296001-5. Telex: 843-330522. Germany: Fairchild Camera & Instrument (Deutschland) GmbH, 8046 Garching Hochbruck, Daimlerstr. 15, Munchen. Tel: 089 320031. Telex: 52 4831 fair d. 
England: Fairchild Camera & Instrument (UK) Ltd., 230 High St., Potters Bar, Hertfordshire EN6 5 BU. Tel: 0707 51111. Telex: 262835. Sweden: Fairchild Semiconductor AB, Svartengsgatan 6, 
S-11620 Stockholm. Tel: 8-449255. Telex: 17759. Japan: Fairchild Japen Corporation, Pola Bldg., 1-15-21 Shibuya, Shibuya-Ku, Tokyo 150. Tel: 03 400 8351. Telex: 2424173 (TFCTYO J). 
Hong Kong: Fairchild Semiconductor (HK) Ltd., 135 Hoi Bun Road, Kwun Tong, Kowloon. Tel: 3-440233. Telex: HX73531. 


CIRCLE NO 75 


Memodyne Corporation, 
the data logging people, proudly introduce 
a brand new 20 column 
ALPHANUMERIC THERMAL PRINTER 
Model MAP-20S. 
¢ Simple 2 wire data input } 


¢ Isolated 20 mA current loop and RS232C 
interface 

¢ Baud rates from 75 to 9600 

e Internal/External Baud Clock 

¢ 96 Character print set 

e Print rate of 2 lines per second : : 

¢ Internal self test program of all characters : 


¢ Programmable controls for: . |. 
Text or lister printing : 
Character size — normal or extended 
Baud rate 

¢ Complete with microprocessor 

electronics and AC power supply 

¢ Small size measures 4.4” W x 2.75" H 

° Fits in panel 4.5” W x 2.78" H WEECD). 

¢ Weighs 4.2 Ibs. : 


we 


5S Sees 
bak oases sees $ 
SE 6 PLEO Boy 


oy oe FS eas OB eS 
ag hy pow 


Price $725.00 each in single quantities. oS a Memodyne 
Write for our complete 8 page color brochure. IE WORL GIS epg Less = (CORPORATION 


ML PHANUMER IC THeena, | | 
PRintee IER MAL 220 Reservoir Street Needham Heights, MA 02194 
ene ls (617) 444-7000 Telex: 92-2537 
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SCAN: 
CPL KEY, @NEXTAD ! Compare keys ! 
JR GE, TRYNEXT 
TEST PREVAD 
JR NZ,UPMID 
LD @aLISTCcB, NEWENTRY 
LD PREV (NEXTAD) ,NEWENTRY 
UPNEW 
TRYNEXT: 
PREVAD,NEXTAD ! Goto next in the List ! 
NEXTAD,NEXT(PREVAD) 
NEXTAD ! At tail ? ! 
NZ,SCAN 
NEXT (PREVAD) , NEWENTRY 
TAIL(LISTCB) ,NEWENTRY 


UPNEW 


PREV (NEXTAD) , NEWENTRY 


NEXT (PREVAD) , NEWENTRY 


INC NUM(LISTCB) ! Update count field in LCB ! 
LDU NEXT (NEWENTRY) , RR2 ! Set otrs in new entry 
POPL RR2,@SP ! Restore registers ! 

POPL RRO, @SP 

RET 


end INSERT 


end BENCHMARK H 


BENCHMARK I-8086 


name test _ benchmark I 


For the EDN algorithm and data: 
276 bytes 38.254 msec with 8086-1 at 10 Mhz O wait 


segment public “code” 
assume cs: code 


— 
ONMMONW OOO Me 


Define local values for records 


— 
— 


— 
Ay} 


CHO 7 
0003 


OO1G 


key length equ 7 
key offset equ 3 
record size equ 16 


me 
oJ 


ras 
an 


1 


j Quicksort function 


a 
4 ob 


Four parameters are passed in the registers: 


os 
0 Os 


RS 
o 


number of elements O <= N <= 10000 cx 
pointer to start of record series ds 
transfer point to insertion sort b x 


All registers are transparent except for the flags. 
Define abbreviations commonly used. 


GOCE ‘ word rec size equ b 
OOF F ; largest _ key equ Of Fh 

i lhe following local variables are initialized and restored 

i with pushes and pops 
GOOAT J rec _ptr equ word ptr Cbp+10] i area for tec _ptr 
COOCL n equ rec ptrt+2 i area for ni 
OOCETL I m equ n+2 i area for m 
—-OO10C 7 ? temp area equ byte ptr Cbp-record size] 


} 
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39 i Start of sort function 
40 i 
0000 41 quick sort proc far 
ei, 
0000 55 3 push bp i Establish stack addressibility 
QO001 33 44 push bx i Get m in local area 
0002 351 49 push cx s Set n in local area 
0003 1E 46 push ds i Set rec _ ptr in local area 
47 
0004 50 46 push ax i Save working registers 
0005 52 49 push d x 
0006 56 20 push si 
0007 57 a1 push di 
0008 G6 ra push es 
0009 SBEC o mov bp, sp i Identify base of save area 
24 
OOOB 8CDB oO mov bx, ds i Form . rec (Q) 
OOOD 43 26 inc b x i bx = . rec ¢l) 
OOOE 8BD3 a7 mov dx, bx (3 dx,l = .rectl) 
0019 O3D9 98 add bxks CX i bx = . rec (Nr) 
0012 4B oF dec bx i Tr = . rec (Nn) 
0013 33C0 60 xor ax, ax i; Indicate empty r- 1] save stack 
0015 50 61 push aX ; Will be popped before insertion sort 
62 i 
63 i Outer loop of quicksort before the insertion sort. 
64 i 
62 i Register usage: 
66 i 
&7 i 1 d x Note: ft 2= 2° 
468 i a b x rec(l-1) <= rec(i) <= rec(rti) for 1 2 2 <2 £ 
59 i 
0016 70 outer loop: 
Pe 
0016 59 2 push bp i Save stack base 
OO17 33 7a push b x > Save r for tater 
0018 43 74 inc b x i Form y = r+loin bx 
0019 SBEA 73 mov bp, dx i Set i: j 
O0O1iB 7& restart_i_ loop: 
001B BS8O4600 oe mov ax, key _iength~1l 
OO1E BEC2 78 mov es, dx 5 eS = . Tech) 
7? i 
80 i Skip over left part of subfile 
81 i 
2 i Register usage: 
B33 i es = Ss 
84 i bp -rect1) 
BD i b x - pect.) 
86 i aX length-1 of key 
37 ; d x pects) 
88 i 14 is pushed on stack holding either 1 or 43 
a7 ; 
0020 99 1 loop: 
0020 45 94 inc bp ; 9 2? ah] 
0021 SEDD 92 Mav ds, bp i d6 = . recta) 
0023 BEO300 93 mov Si, key affset 
0026 BEFE 94 mow dis ei © Set aftfeot for ¥ 
0628 Aé 72 cmp sb » Look at Farst bute of key 
0029 72F5 se) yb i igop 
O002B 7706 ae ja J loop 
93 + 
O002D S8BC8 sr mov cx, ax ; Else examine the rest af the key 
O02F F3 100 repe cmpeb i Compare rectid - recch 
0030 A& 
0031 72ED 10] jb 1 loop ; Continue white rectaid ~ ree th) 
102 
103 i Assert: 2 os 4 . £ oS . Pee ate 
104 i 
105 i Skip over right part of subfile. 
106 i Registers same as before except ax,ds = .rec(y). 
107 i 
OG33 108 j_loop: 
0033 4B 109 dec b x a ae 
6034 B8SEDB 116 MoV ds, bx »5 ds = .rec(y) 
6036 BEO3OG bid mov si, key_offset 
O039 SBFE 112 mov di, si ; Set offset for v 
OQO3SB AG {13 cmpsb ; Look at the first byte of the key 
OO3C 77FS 114 ja jJ_loop 
OOSE 720& 115 jb compare 14 
116 
0040 8BcCc8 117 mov CX, ax ; Else look at the rest of the key 
0042 F3 118 repe cmpsb ; Compare rec(y) - rec()) 
0043 A6 
0044 77ED 119 ja j__loop ; Continue while rec(y) = rec (1) 
12 i 
eee j Assert: jy >= i-l es = .rec(l) ds=bx 
122 F 
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ee 


GO46 
0046 
0048 
OO4A 
OO04D 
OO4F 


OOo1 


0093 
0053 
0036 
0058 
0059 
OOSA 
OOSB 


OOSD 


OOSF 
OOSF 
0062 
0064 
0065 
0066 
0067 


0069 
O006B 
O06C 
OO6E 
0070 
0072 
0074 
0075 


0078 
OO7A 


007C 
OO7E 


0080 
0081 
0083 


0085 
0086 


0088 
0088 
OOBA 


OO8C 
OO8BE 
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33FS6 
8BFE 
B90800 
SBEB 
730E 


<68B05 
8704 
46 

4&4 

AB 
E2F6 


EBBC 


268B05 
8704 
46 

46 

AB 
E2F6 


SB4E0E 


3BF? 
7706 


SBF i 
7714 


9B 
OBDB 
741B 


oA 
EBSE 


SBF 1 
7606 


JBFE 
7208 


123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
Lor 
138 
137 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
137 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
167 
170 
171 
172 
173 
174 
175 
L7G 
177 
178 
es 
180 
181i 
182 
183 
184 
185 
186 
187 
188 
Leg 
190 
191 
192 
193 
194 
19S 
196 
Lo 7 
198 
Oe 
200 
2O1 
202 
203 
204 
205 
206 
207 
208 


BENCHMARK I-8086 (continued) 


; 


; 


compare_ 


i 
i 


; 


Compare jy and i for swap test. 


a3: 

xor $1, 51 i 
mov di, si 

mov cx, word rec _ size i 
cmp bp, bx 

jae swap loope2 i 
Mov es, bp i 


Exchange rec(i) with rec(y). 


swap _loopt: 


; 
i 
i 


; 


mov ax,es:Cdid 

xchg Csil, ax 

inc si i 
inc $i 

stosw i 
loop swap _loopi 


Jmp restart_i_loop i 


Prepare for exchange of records 
Get word size of a record 

Jump if ji = J 

ds = .rec(y)) 


es = .rec(i1) 


Bump source pointer 


Auto bump of destination pointer 


Continue preorder loop 


Save subfile definitions on the stack area. 
But first exchange rec(1l) with rec(y)). 


swap loop2: 


mov ax,es:C€diJ 
xchg CsilJ, ax 
inc Si i 
inc Si 
stosw i 
loop swap loop2 
Assert: ds,bx = .rec(y) 
dx,es = .recidl) 


Compare the subfile sizes of j- 


the next subfile to sort. Note: 
mov ax, bx i 
pop b x 3 
mav Ssi,bx j 
sub Si, ax i 
mov di, ax i 
sub di,dx i 
pop bp i 
mov cx, mM i 
Register usage: 

dx, es .rec(d]) 

bx .rect(r) 

ax .Pect 4? 

Cc x m 

si subfile size of r- 

di subfile size of 4 
cmp d1i;-¢*x 
ja Jl_bt_m 3 
cmp Si,cxX 
ja set new 1 i 


Both subfile sizes <= m. 
Get next r,1 pair from the stack 


pop bx j 
oT bx, bx F 
iz end outer ; 


Set 1 and r from the stack. 
Stack ordering is r,1,7T,1,... 


pop d x ; 
jmp outer loop 
J-l > m See if r-jy > m 
cmp S$1,Cx j 
jbe set new fr i 
See which subfile is largest, 
cmp di, si 
Jb stack 1, ; 


Bump source pointer 


Auto bump of destination pointer 


l and r-y to determine the 


Subfiles do not include jy! 


Save Jj 

Get bx=r 

$1,bx = + 

$i = T.4 

di= 4 

di = j--J 

Restore stack addressing 
cx = Mm 

J 
walt 


LF Py 2 Oo 


if not empty 


See if the stack 
Test r value 
Do insertion sort if empty 


1s empty 


Get 1 from stack 


Compare r--y with im 
Jump if roy f= m 


both are larger than m. 


Compare y--l with +--y 
JUMP af j-L <= pry 
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00970 
O07 1 
G092 
0092 
0094 
0095 


OOS 
0098 
G099 
009A 
OO9PA 
009C 
009D 


OOAO 
OOAO 
00A3 
OOAG 
OOA9 
OOA? 
QOOAC 


OOAF 
OOAF 
OOBO 
OOB3 


OOBS 
OOB7 
OOB8 
OOBA 
OOBB 
OOBD 
OOBF 
OOCO 
00C2 


00C4 
OOC& 
O00C7 
00C8 


OOCA 
OOCA 
oo0cD 
OOCE 
OODO 
ooD2 
OODS 
00D7 
OOD9 
OODA 
OODB 


OODD 


OODD 
OOEO 
OOE2 
OOE4 
OOES 


OOES 
OOE7 
OOE? 
OOEC 
OOEF 


E974FF 


B3EC10 
8BBSEOC 
O3SE0A 


B80600 
BAQ300 


4B 
SBSEOA 
7653 


SEDB 
43 
BEC3 
4B 
SBF2 
BBFA 
Ab 
72ED 
7706 


BBCS 
FS 
AG 
72ES 


BBO800 
-o 
BCD2 
BEC2 
8D7EFO 


43 
BEC2 
BD7EF3 
830603 
B90700 


209 
210 
2ii 
2e1l2 
213 
214 
215 
216 
217 
218 
219 
220 
222i 
eee 
223 
e24 
e220 
226 
e227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
290 
251 
292 
293 
294 
2959 
296 
257 
258 


299 
260 
261 
262 
263 
264 
269 
266 
267 
268 
269 
270 
271 

272 


273 
274 
2735 
276 
277 
278 
279 
280 
261 
282 
283 


284 
285 
286 
287 
288 
289 
290 
271 


BENCHMARK I-8086 (continued) 


i Push lower and upper limits of j-1i: (the larger subFile? 
i Stack ordering is: Tl, id,. 

push d x ; Stack 2 3 

push ax ; Stack r= J 
set _new_?T: 

mov bx, ax ; Set new r = yr] 

dec b x i l remains same 

Jmp outer_loop 


) 


i Push lower and upper limits of 


stack ly: 
push 
push 

set_new_1: 
mov 
inc 
Jmp 


} 


d x 
ax 


dx, ax 
dx 
outer_laop 


j Perform an insertion sort on 


end outer: 
sub 
mov 
add 
enter _last_loop: 
mov 
mov 
i Note: 
last_loop: 
dec 
cmp 
jbe 


repe 


jb 


sp, record size 
bx.n 
bx, Tec _ptr 


ax, key_length-1 
dx, key_offset 


bx = itl 


b x 
bx,Trec_ptr 
done 


ds, bx 
b x 
es, bx 
b x 
si, dx 
di, dx 


last _loop 
move down 


CX, ax 


last_loop 


i 


To Se 


(the larger subfile). 
Stack 1 = 1] 
Stack r=: J 


Set 1 as yt! 
rT remains same 


the entire record array. 


Allocate space for temp 
Get original array length 
Form i = .rec(n) 


Set key length 
Set key offset 


Form i = Jj ] 


for .rec(O) implying i = O 


.rec(i) 
es = .rec¢ditl) 
Restore i 


Set source and destination offset 


Compare ist bytes of keys 


Examine rest of key 
Compare rec (i) - rec (itl) 


Loop while rec(i) * rec(it+1) 


F 

i Move the entire subfile down one element until a record += rec(i) 
i is found. 
i 


move down: 

mov 
push 
mov 
mov 
lea 
xorT 
mov 

rep movsw 


mov 


i 

i Use es 
i Assert: 

i 


move_down_loop: 


mov 
xoT 
mov 


rep movsw 


i Note: 


inc 
mov 
lea 
add 
mov 


ax, word rec_size 
bx 

dx, 55 

es, dx 

di, temp_area 

si, si 

CX; ax 


es, bx 


= ds = 
dx=ss 


pect y-12. 


si,record size 
di,di 
CX, ax 


si is offset for rec(ytl) 


b x 

es, dx 

di, temp _areatkey offset 
si, key_offset 

cx, key_length 


i 


- 


Ta Te 1) 


Get word count of a record 
Save i 

Save rec(i) 

Set address of temp area 


Set move count 
v = rec(ti) 


becomes i in bx 


si is offset for rec(4)) 
di is offset for rec(yj-1l) 
Set move length 

rec(y-1) = recy) 


now. 


p= 3 3 

es:di = .v 

Set address of temp area 

si has offset For rec(y) key 
Set size of compare string 
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OOF2 F3 292 repe cmpsb ; Compare rec(y) with v 
OOF3 AG 
OOF4 8EC3 293 mov es, bx ; Set new base address 
OOF4 SEDBE 294 mav ds, bx 
OOFS8 72E3 295 jb move down_loop ; Continue while rec(y) =v 
296 i 
297 i Copy v to rec(old J). 
298 i 
OOFA 33FF 299 xoT dixdi ; Set offset to rec (yd) 
OOFC 8EDA 300 mov ds,dx ; Get address of v in ds: si 
OOFE 8D76F0O 301 lea si, temp _area ; Get address of temporary area 
0101 8BC8 302 MOV CX, aX ; Set move Length 
0103 F3 303 rep movsw ; rec(yg-1) = v 
0104 AS 
0105 SB 304 pop b x ; Restore 3 
0106 EBA1 305 JMp enter _last,loop 
306 i 
307 i All done, restore tegisters. 
308 i 
0108 309 done: 
0108 8SBES 310 mov sp, bp i Clear stick area 
010A 07 311 pop es 
O10B SF 312 pop di 
O10C SE 313 pop si 
O10D SA 314 pop d x 
O10E 358 315 pop aX 
316 
OLOF 2 317 pop ds ; Restore rec, ptr 
0110 59 318 pop Cc x ; Restore n 
O111 SB 319 pop b x ; Restore m 
Olle Sb 326 pop bp 
Oy Gh Se ee 321 ret 
322 
S29 quick sort endp 
324 +1 t*eyect 
325 i 
326 i Define EDN data characteristics 
327 ; 
GO64 328 n_ value equ 100 
OGG9 329 m value equ 7 
330 i 
oe wl i Define local stack area. 
332 i 
a 333 stack segment 
0000 (96 334 dw 96 dup (%) ; |1,R valves are saved here 
) 
OOCco PE Ie stack top label word ; Start of stack area 
ae 236 stack ends 
ce i 
Et i Define local data area. 
po i 
eee 340 data segment 
0000 (1632 341 db (n valuet2)*record size dup (¢*) 
) 
saa 342 data ends 
343 i 
344 i Mainline function to initialize memory, invoke sort, and 
345 i test result. 
346 i 
0114 347 start: 
0114 BS---- R 34 mov ax, stack ; Getup stack space 
O117 SEDO 349 mov SS, ax 
O139 BCCOCOO 320 mov sp,offset stack top 
O140 FG of be | sti ; Allow debuqging interrupts 
352 i 
Se i Run the benchmark 
354 i 
OiiDd cc bw restart: 
011D BS---- R 356 mov ax, data ; Get start of data seqment 
0120 8SEDS8 soy mov ds, aX 
Ol22 8SECO soo mov ES, ax 
0124 33FF So? xor di, di ; Clear sterting address 
0126 8BC7 340 mov ax, di ; Clear initial valve 
0128 FC 361 cld ; Clear direction Ficg 
0129 896006 362 mav cx, record size#(n_valuet2) 3 Zero cut all the entries 
O12C F3 i Foo rep stosb 
012D AA 
364 ; 
360 i Initialize all the data entries in reverse order. 
366 i 
O1ZE BOPF 367 mov al, OF fh ; Largest key entry 
0130 B96400 368 mov cx, n value i Set loop count 
0133 BF1000 349 mov di, record size ; Form address of first entry 
O136 370 init loop: 
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0136 8805 a7 1 mov Cdil,al i Set flaq eniru 
0138 884503 372 mov Cditkey offset], al i Set first bute of ker 
O013B 48 oP ae dec ax i Bump to next Lowest key 
013C 83C710 374 add di,record size i Go to next record 
OTSP .E2FS 3/2 loop init loop 
3/6 i 
ors i Set last element in array to largest key possible 
378 i 
0141 83C703 Ce fee add di, key_offset i Point at key entry 
0144 B90700 380 mov cx, key length i Get length of key 
0147 BOFF 381 mov al, largest key i Largest key 
0149 F3 382 rep stosb i Set value 
O14A AA 
383 i 
384 i Setup registers for function parameters 
Jao i 
Q014B B96400 . 386 mav cx ,n value i Set record count 
O14E BBO900 3o7 MOV bx,m value i Set subfile sort length 
388 F 
389 i Time the function with SDA-86 counter. 
270 i 
0151 BAFEFF S71. mov dx, OFFFEH i Initialize counter 
0154 BS9292 392 mov Ax, 9292H 
O97 EF a73 out dx, ax 
0158 BAFCFF 394 mov ax. OFFFCH i Start counter 
O15B BS8O200 379 mov ax:e2 
O1SE EF 396 out dx, ax 
O15F B80100 ee a Mov ax, 1 
0162 EF 398 Sut dx, ax i Go! 
377 
0163 FAQCO0---- R 406 call far ptr quick sort i Do the benchmark 
401 
0168 23C0 402 xor AX, ax i Timer stop command 
O16A EF 403 out dx, ax i Stop timer! 
404 i 
405 i Calculate the elapsed time in clocks 
406 i 
0O16B BAF9OFF 407 mov dx, OFFF9H i Get counter value 
O16E ED 408 in ax, dx i Read bits 31--24 
O16F SAFS8 409 MOV bh; al i Save value 
0171 BAFSFF 410 Mov dx, OFFF8H 
0174 ED 4i1 in ax, dx i Read bits 23--15 
0175 8AD8 412 mov bl, al 
0177 BAFBFF 413 mov dx: OFFFBH 
017A ED 414 in ax, dx i Read bits 1ib-8 
017B 8AC8 415 mov cl,al 
O17D BAFAFF 414 mov dx, OFFFAH 
0180 ED 417 in ax, dx i Read bits. 7~-Q 
0181 S8AE1 418 mov ah, cl i Se bit clock count in dx: ax 
0183 8BD3 419 mov dx, bx 
420 i 
421 i Test results to see if everything is in order 
422 i 
O185 FC 423 cld + Autoincrement direction 
0186 BB---~ R 424 mov bx, data i Get starting address 
0189 BDé500 425 mov bp» n_valuetl i Set Loop count 
O18C 426 compare loop: 
O18C S8SEDB 427 mov ds, bx i Set record addresses 
O18E 43 428 anc b x 
O18F SEC2 42 mav es, bx 
OTF) BI0700 430 mav cx, key length 
0194 BEO3O0O 431 mov Si, key_offset 
0197 8SBFE 432 mav di, $i 
O1gS Fa 433 repe cmpsb 
O19A AG 
01938 7709 434 ja exit i Out of order! 
435 
O19D 4b 4236 dec bp i Test for end 
O1VE JSEG 437 Jnz compare loop 
438 
O1A0 33C9 439 xor cx, CX i Indicate all is well 
O1A2 CC 440 int 3 i All done... enter monitor 
OLAS ES77FF 441 Jmp Testart i Restart benchmark 
OLAS 442 exit: 
OLAS BOFFFF 443 mov ex» OPFFFH i Indicate misordered items 
OL1A9 CC 444 int | i All done... enter monitor 
OLAA EQS7OFF 445 Jmp restart i Restart benchmark 
446 
samen 447 code ends 
448 
0114 449 end start 
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1 OPT BRS 
2 
3 * 
: : MC68000 EDN BENCHMARK I 
6 * QUICKSORT 
7 * 
8 * ATTRIBUTES: * 16 MEGABYTES ADDRESS RANGE 
9 * * POSITION INDEPENDENT 
10 * ~* REENTRANT 
11 * 
12 * INPUT: DO - "N" RECORD COUNT 
13 * D1 - "M" THRESHOLD FOR INSERTION SORT 
i: * AO - "REC" ADDRESS OF THE SORT ARRAY 
* 
2 OUTPUT: THE SORT DATA ARRAY IS SORTED 
18 * ALL REGISTERS ARE TRANSPARENT OVER THIS ROUTINE 
19 * 
20 * LINES: 93 
21 * BYTES: 276 
22 * 
rae * MC68000L10 BENCHMARK TIME: 17,348.200 MICROSECONDS 
24 * -MC68000L12 BENCHMARK TIME: 14,456.833 MICROSECONDS 
25 * 
26 
27 
28 * MISCELLANEOUS EQUATES 
29 00000010 ENTRYLEN EQU 16 SORT ENTRY RECORD LENGTH 
30 00000003 KEY EQU 3 OFFSET TO KEY WITHIN RECORD 
. 00000007 KEYLEN  EQU 7 SORT KEY LENGTH 
2 
33 
34 * QUICKSORT SUBROUTINE 
35 0 00000000 48E7FFFE QUICK MOVEM.L DO-D7/A0-A6,-(SP) SAVE ALL REGISTERS 
36 0 00000004 2400 MOVE.L  DO,D2 COPY NUMBER OF RECORDS OVER 
37 0 00000006 £988 LSL.L #4500 CALCULATE POINTER TO LAST RECORD 
38 0 00000008 43F008FO LEA -ENTRYLEN(AO,DO.L),Al Al <= POINTER TO LAST RECORD = R 
39 0 0000000C £989 LSL.L #4,D1 FIND TOTAL SIZE OF M RECORDS 
40 0 OOOOOO00E 2C41 MOVE.L  D1,A6 KEEP VALUE IN A6 FOR LATER 
41 0 00000010 48E£7A040 MOVEM.L DO/D2/A1,-(SP) SAVE DUMMY, COUNT, AND {OP ON STACK 
42 0 00000014 42A7 CLR.L =(SP) MARK SORT STACK EMPTY 
43 
44 * QUICKSORT PHASE 
45 * REGISTER USE: AO - FIRST RECORD OF SUBFILE Al - LAST RECORD OF SUBFILE 
46 * A2/A3 - KEY POINTERS A4/A5 - WORK POINTERS 
47 * A6 - LENGTH OF "M" RECORDS SP = RECURSIVE CALL ARGUMENTS 
48 
49 0 00000016 45£80003 SORT LEA KEY(AO),A2 A2 => KEY(1) = REC(L] 
50 0 0000001A 47£90013 LEA ENTRYLEN+KEY(A1L),A3  A3 => KEY(J) = REC(R+1) 
51 0 OOOO001E 49£80003 LOOP1 LEA KEY(A0),A4 A4 -> V FOR CURRENT RECORD 
52 0 00000022 1614 MOVE.B (A4) ,07 DO.B = FIRST BYTE OF KEY 
53 0 00000024 45£A0010 LOOPIA LEA ENTRYLEN(A2) ,A2 1 5. 141 
54 0 00000028 BE12 CMP.B (A2),D7 COMPARE FIRST KEY BYTE 
55 0 0000002A 62F8 BHI LOOPIA IF REC(I)<V CONTINUE COMPARING 
56 0 0000002C 650C BLO LOOP2 IF REC(I)>V SCAN OTHER DIRECTION 
57 0 OOOO002ZE 2A4A MOVE.L  A2,A5 A5 TEMP FOR I 
58 0 00000030 7006 MOVE.L  #KEYLEN-1,D0 DO=LOOP COUNTER 
59 0 00000032 B90D CMP1 CMP .B (A5)+,(A4)+ COMPARE V-REC(I) 
60 0 00000034 S56C8FFFC DBNE DO,CMP1 LOOP WHILE EQUAL 
61 0 00000038 62EA BHI LOOPIA IF REC(1)<V CONTINUE COMPARING 
62 
63 0 0000003A 47EBFFFO LOOP2 LEA -ENTRYLEN(A3),A3 j #< dat 
64 0 0000003E BE13 CMP .B (A3),D7 COMPARE FIRST KEY BYTE 
65 0 00000040 65F8 BLO LOOP2 LOOP WHILE REC(I)>V 
66 0 00000042 620C BHI LOOP2A BRANCH REC(I)<V 
67 0 00000044 2A4B MOVE.L  A3,A5 A5 = TEMP FOR J 
68 0 00000046 7006 MOVE.L  #KEYLEN-1,D0 LOOP COUNTER 
69 0 00000048 BBOC CMP 2 CMP .B (A4)+,(A5)+ COMPARE REC(J)-V 
70 0 0000004A 56C8FFFC DBNE DO,CMP2 LOOP WHILE EQUAL 
71 0 OOOOO04E 62EA BHI LOOP2 IF REC(J)>V CONTINUE COMPARING 
72 0 00000050 B5CB LOOP2A  CMP.L A3,A2 I >= J 
73 0 00000052 6436 BCC ENDIST BRANCH IF I >= Jd 
74 0 00000054 4CEAOOOFFFFD MOVEM.L -KEY(A2),D0-D3 SWAP 
75 0 0000005A 4CEBOOFOFFFD MOVEM.L -KEY(A3),D4-D7 REC(J) 
76 0 00000060 48EBOOOFFFFD MOVEM.L DO-D3,-KEY(A3) WITH 
77 0 00000066 48EAOOFOFFFD MOVEM.L D4-D7,-KEY(A2) : REC(I) 
: 0 0000006C 60B0 BRA LOOP1 CONTINUE 
9 
80 * DECIDE SUBFILE DIRECTION 
81 0 OOOOOOG6E B28E NEWLRO } CMP.L A6,D1 (R-J) <= MSIZE? (R-J) SUBFILE SMALLER? 
82 0 00000070 6F08 BLE NEWR BRANCH IF SO 
83 0 00000072 B481 CMP .L D1,D2 DETERMINE SMALLER SUBFILE 
84 0 00000074 650A BCS STACK1 BRANCH IF (J-L) IS SMALLER 
85 0 00000076 2F09 MOVE.L Al,-(SP) STACK R 
86 0 00000078 2FOB MOVE.L A3,-(SP) STACK J 
87 * (R-J) SUBFILE SMALLER, SET L & R TO 
88 * LARGER SUBFILE LIMITS 
89 0 O0000007A 43EBFFFO NEWR LEA -ENTRYLEN(A3),Al R <= J-1, L STAYS THE SAME 
90 0 OOO0007E 6096 BRA SORT CONTINUE SORT 
91 * (J-L) SUBFILE SMALLER, SET L & R TO 
92 * LARGER SUBFILE LIMITS 
93 0 00000080 48£70090 STACK1 MOVEM.L AO/A3,-(SP) PUSH L & J ONTO SORT STACK 
94 0 00000084 41£B0010 NEWLR1 LEA ENTRYLEN(A3),A0 L <= J+1, R STAYS THE SAME 
95 0 00000088 608C BRA SORT CONTINUE SORT 
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96 
97 
" 98 
oo 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
bit 
112 
ils 
114 
115 


17 
118 
119 
£20 
iZ1 
22 
123 
124 
{25 
126 
iZ/ 
128 
129 
130 
31 
£32 
33 
134 
135 
136 
Loe 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
ee | 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
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CoCoOCCOCOCCO oOOCO OOOO CCO oo © 


Oo oO 


© 


OOO0008A 
0000008C 
00000090 
00000094 
00000098 
0000009C 
QOOOO09E 
0OO0000A0 
OOO000A2 
OOO000A4 
OOOO000A6 
O0OO000A8 
OOOOO0AA 
OOOOOOAC 
000000B0 
0O00000B2 


0OO000B6 
OOOOO0BA 
OOOOOOBE 


000000C0 
000000C4 
000000C8 
OOOO000CC 
QOOOOOCE 
000000D0 
000000D4 


00000006 
OOOOO0DA 
QOOOOODE 
QOOO00E2 


OOOO00E4 
OOO000E8 
QOOOOOEC 
OOOOOOEE 
OOO000F2 
QOOO00F6 
OOOOO0FA 
OOOOOOFC 
QOOOOOFE 
00000102 


00000104 
00000108 
0000010C 


QOOOO1O0E 
00000112 


BENCHMARK I-MC68000 (continued) 


* NEW SUBFILE FOUND, NOW DETERMINE NEXT STAGE 


578B END1ST SUB.L #KEY,A3 -KEY TO GET TO BEGINNING OF RECORD 
4CDOOOOF MOVEM.L (AO) ,DO-D3 SWAP 
4CD300F0 MOVEM.L (A3),D4-D7 ‘ REC(L) 
48D3000F MOVEM.L DO-D3,(A3) P AND 
48D000F0 MOVEM.L D4-D7,(A0) : REC(J) 
2209 MOVE.L Al,D1 D1 <- R 
2408 MOVE.L A3 ,D2 N2 <= J 
9282 SUB.L b2.01 Di: <= Rad 
9488 SUB.L AO ,D2 D2 <= JeL 
B48E CMP.L A6 ,D2 COMPARE (J-L) <= MSIZE 
62C6 BHI NEWLRO BRANCH IF NO 
B28E CMP .L A6 ,D1 COMPARE (R-J) <= MSIZE 
62D8 BHI NEWLR1 BRANCH IF NO 
4CDF0300 MOVEM.L (SP)+,A0/Al POP NEXT L AND R FROM STACK 
2008 MOVE.L AO ,DO TEST IF STACK IS EMPTY 
6600FF62 BNE SORT CONTINUE SORT IF NOT EMPTY 
* FALL INTO INSERTION SORT AS ALL SUBFILES BELOW OR EQUAL M RECORDS 
* INSERTION SORT PHASE 
* 
* REGISTER USE: DO - LOOP CONTROL AO - REC(I) 
* D1 - COUNTER AND SWAP REGISTER Al - REC(J) 
* D2/D4 - SWAP REGISTERS A2/A3 - WORK REGISTERS 
* D5/D7 - "V" SAVE REGISTERS A4 - REC(J-1) 
* A5 - "V" SAVE REGISTER 
* A6 - FRAME POINTER 
* 
* NOTE: STACK SPACE IS RESERVED FOR "V" KEY COMPARE RECORD COPIES 
* 
4CDFO101 MOVEM.L (SP)+,DO/A0 RELOAD RECORD COUNT AND TOP RECORD 
4E56FFFO LINK A6,#-ENTRYLEN ALLOCATE "V" KEY COPY AREA ON STACK 
5540 SUB #2 ,D0 DO RANGES FROM N-2 THROUGH O 
41E8FFFO LOOPOUT LEA -ENTRYLEN(AO) ,AO [ <= [sj 
45E£80003 LEA KEY(A0O) ,A2 A2 -> KEY(I) 
47E£80013 LEA ENTRYLEN+KEY(AO),A3 A3 -> KEY(I+1) 
7206 MOVE.L #KEYLEN-1,D1 LOOP COUNTER FOR COMPARE 
B50B CMPII1 CMP .B (A3)+,(A2)+ COMPARE KEY(I)-KEY(I+1) 
56C9FFFC DBNE D1,CMPII1 LOOP WHILE EQUAL 
6332 BLS ENDIF BRANCH IF KEY(I) <= KEY(I+1) 
4CD020E0 MOVEM.L (AO) ,D5-D7/A5 VV «<s ‘REC(T) 
48D700E0 MOVEM.L D5-D7,(SP) AND ON STACK FOR KEY COMPARE 
43£80010 LEA ENTRYLEN(AO) ,Al Al -> REC(J) = REC(I+1) 
2848 MOVE.L AO ,A4 PRIME A4 -> REC(J-1) 
4CD1001E LOOPIN MOVEM.L (Al) ,01-D4 TEMP <= REC(J) 
48D4001E MOVEM.L D1-D4,(A4) REC(J-1) <- TEMP 
2849 MOVE.L A1,A4 A4 -> NEXT REC(J-1) 
43£90010 LEA ENTRYLEN(A1),A1 J = Jtl 
45EF0003 LEA KEY(SP),A2 A2 -> KEY(V) 
47£90003 LEA KEY(Al) ,A3 A3 -> KEY(J) 
7206 MOVE.L #KEYLEN-1,D1 LOOP COUNTER IN Dl 
B50B CMPVJ CMP .B (A3)+,(A2)+ COMPARE KEY(V)-KEY(J) 
56C9FFFC DBNE D1,CMPVJ LOOP WHILE EQUAL 
62E0 BHI LOOPIN IF KEY(V) > KEY(J) CONTINUE LOOP 
48D420E0 MOVEM.L D5-D7/A5,(A4) REC(J-1) <- V 
51C8FFB6 ENDIF DBRA DO,LOOPOUT CONTINUE LINEAR INSERT 
4E5E UNLK A6 FREE AND RESTORE STACK 
4CDF7FFF MOVEM.L (SP)+,D0-D7/A0-A6 RESTORE REGISTERS 
4E75 RTS RETURN TO CALLER 
END 


BENCHMARK I-Z8002 


QUICKSORT module 
'Revised Quicksort/Insertion Sort for EDN Benchmar I 


CALL QUICK 
RO = N (number of records) 
RL = M (changeover interval width) 
R13 = REC (base address of array to be sorted 


Returns with array sorted and alt registers unchanged 


Arguments: ! 
constant 
N := RO 
M >= RL 
REC = R13 
‘Working registers 
Quicksort phase: ! 
SP s= RL5 
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BENCHMARK I-Z8002 (continued) 


MLEN := RL4 !Length (bytes) of M records! 

L := R1L3 !(=REC) Left boundary of range! 
R := R12 !Right boundary of range! 
NEWLR := RR1L2 !L and R as a pair! 

KI := RLL !Key pointer for REC(I)! 

KJ := RLO !Key pointer for REC(J\! 

KIJ := RRLO !I and J as a vdair! 

CNT := RI !Count register for block operations! 

WL := R8 !Work registers! 

W2 := R7 

VKEY := R6 \Key pointer for REC(V)! 

VVAL := RH5 I'First byte of VKEY ! 

1(RO - R7 used for exchanging items)! 


'Insertion sort phase: ! 


: = R14 !Pointer to REC(I)! 
J = R13 '!Pointer to REC(J)! 
JML = RL2 1Pointer to REC(J-lL)! 
VKEYL = RLL 
LCNT = R1LO !Counter for outer loop! 
LCNT = RI (as in Quicksort phase)! 
IWL = R83 (as in Quicksort phase)! 
1W2 := R7! 
1(RO - R7 used for moving items)! 
!1General definitions: ! 
ESIZE 2= 16 IBytes per entry! 
KEY := 3 'Position of key in entry! 
KEYLEN = 7 IBytes oer key! 
!Initialization! 
0000 global QUICK procedure entry 
0000 030F SUB SP, #30 'Save RO - R14! 
0002 OOLE 
0004 LCF9 LDM @SP,RO,#15 
0006 OOO0E 
0008 A103 LD R3,N !\Compute adr of last item! 
OOOA AB30 DEC R3 
000C 1902 MULT RR2,#ESIZE 
OOOE OOLO 
0010 Al13C LD R,R3 
9012 S81LDC ADD R,REC 
0014 A113 LD R3,M !Compute size of M items! 
0016 1902 MULT RR2,#ESTZE 
0013 0010 
OOLA Al13E LD MLEN, R3 
0OO0OLC 93FC PUSH @SP,R !Save ton! 
OOLE 93F0 PUSH @SP,N 'Save number of items! 
0020 9200 SUBL RRO,RRO IMark sort stack empty! 
0022 ILFO PUSHL @SP, RRO 
!\Quicksort phase! 
0024 94CA SORT? LDL KIJ,NEWLR 
0026 AIB2 INC KI, #KEY IKI voints at key for I! 
0028 OLOA ADD KJ, #KEY+ESIZE 1KJ points at key for J! 
002A 0913 
LOOPO ; 
002C ALDS LD VKEY,UG IVKEY points at kev for vivot! 
002E A962 INC VKEY,#KEY 
0030 2055 LDB VVAL, @VKEY IVVAL holds first byte of V key 
0032 AIBF LOOPL: INC KI,#ESIZE 'I gets I+lL! 
0034 OAB5 CPB VVAL,@KI !'Compare first byte explicitly ! 
0036 EBFD JR UGT,LGOPL 1! REC(I) < V ! 
0038 E706 JR ULT, LOOP2 ! REC(I) > V ! 
003A AL58 LD WL,VKEY IWL points at V «ey! 
O003C Alsy LD W2,KI \Copy I for block comoarison! 
003E BD97 LDK CNT, #KEYLEN 'Count for comoarison! 
0040 BA854 CPSIRB,@W2,4W1,CNT,NE 'Comoare I,V! 
0042 O97E 
0044 ET7F6 JR ULT,LOOPL 'REC(I) < V! 
LOOP 2: IREC(I) >= V; now move J! 
0046 ABAF DEC KJ, #ESIZE 'J gets J-1! 
0048 OAA5 CPB VVAL, @KJ 
OO04A E7FD JR ULT,LOOP2 
004C EBOS6 JR UGT,LOOP2A 
O04E ALAT LD W2,KJd 'Set up »lock comparison! 
0050 A158 LD WL,VKEY 
0052 BD97 LDK CNT, #KEYLEN 
0054 BA75 CPSIRB @W1L,@W2,CNT,NE !Comoare V,J! 
0056 0938E 
0058 E7F6 JR ULT, LOOP2 Iv < REC(J)! 
N05A 3BAB LOOP?A: CP KI,KJ !Comvoare Lao! 
005C EFLY JR UGE, ENDLST !'Done if I >= J! 
!Exchange REC(I),REC(J) ! 
O0OSE SCAL LDM RO,-KEY (KJ) ,4#4; LDM R4,-KEY(KI) ,#4 
0060 0003 
0062 FFFD 
0064 5CBL 
0066 0403 
0068 FFFD 
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O06A 5CA9 LDM -KEY(KJ),R4,#4; LDM -KEY(KI),RO,#4 
006C 0403 
OO0O6E FFFD 
0070 5CB9 
0072 0003 
0074 FFFD 
0076 SCA IDM RO,ESIZE/2-KEY (KJ) ,#4; UDM R4,ESIZE/2-KEY(KI) ,#4 
0078 0003 
007A 0005 
007C SCBL 
OO7E 0403 
0080 9095 
0082 5CA9 LDM ESIZE/2-KEY(KJ) ,R4,4#4; LDM ESIZE/2-KEY(KI),RO,#4 
0084 0403 
0086 0005 
0088 5CB9I 
003A 0003 
008C 0005 
0O08E ES8CE JR LOOPO 
INaw subfile found - now determine next stage! 
0090 ABA2 ENDIST: DEC KJ,#KEY !Point at REC(J)! 
'Exchange REC(J),REC(L)! 
0092 LCAL LDM RO,2KJ,4#4; LDM R4,@L,#4 
0094 90003 
0095 LCDL 
9093 0403 
009A 1CAY LDM @KJ,R4,4#4; UDM @L,R0,#4 
009C 0403 
009E LCD9I 
00AD 0003 
OOA2 5SCAL LDM RO,ESIZE/2 (KI) ,#4; LDM R4,ESIZE/2(), #4 
00A4 0003 
Q00A6 0008 
00A3 5CDL 
OOAA 0403 
QOOAC 9008 
OOAE 5CAY LDM ESIZE/2 (KJ) ,R4,44; LUDM ESIZE/2(L),R0.#4 
0O0BO 0403 
00B2 0008 
0084 5CD9I 
90B6 9003 
00B8 0008 
OOBA ALC) LD RO,R 'RO gets R-J! 
0OBC 83A0 SUB RO,KJ 
OOBE ALAL LD RL,Kd 'RL gets J-tu! 
00CO 83DL SUB RL,L 
00C2 8BEL CP RL,MLEN 'J-L <= M? ! 
00C4 EA05 JR GT,NEWLRO ! No - trv R-J! 
09C6 8BE0 CP RO,MLEN ! Yes = try R-J! 
00C8 EAOF JR GT,NEWLRL ! R= > MJ 
QOCA 95FC POPl, NEWLR, 4SP !'Both <= M - pov another range! 
OOCC 8DC4 TEST R 'Sort stack emoty?! 
QOCE EEAA JR NZ,SORT ! No - continue! 
JODO E30E JR INSORT ! Yes - do insertion vhase! 
!Decide subfile direction! 
00D2 8BE9 NEWLRO: CP RO,MULEN IR-J <= M? ! 
00D4 E204 JR LE,NEWR ! Yes - right range done! 
00D5 8B10 CP RO,RL IR-J <= J-L? ! 
00D8 EAOS JR GT,STACKL ! No - left range smaller! 
OODA 93FA PUSH @SP,KJ ! Yes - right is smaller, stack 
OODC 93FC PUSH @SP,R 
OODE ALAC NEWR: LD R,KJ 'New range is (U,J-L)! 
OOEO ABCF DEC R,#ESIZE 
OOE2 ES8A0 JR SORT 
OOE4 93FA STACK1L: PUSH @SP,KJ Stack (L,J) range! 
OOE5 93FD PUSH @SP,L 
008 ALAD NEWLRL: LD U,KJ !New range is (J+1,Re! 
QOOEA AIDF INC L,#ESIZE 
OOEC E898 JR SORT 
!Insertion sort phase! 
OOEE 97FA INSORT: POP LCNT,4SP !Saved N, minus L, becomes ! 
O9FO ABAO DEC LCNT ! outer Ldov count! 
OOF2 9O7FE POP 1I,4SP 'Saved "R" becomes I! 
OOF4 AYE? INC I, #KEY !ooint I at kev! 
OOF6 ABFF DEC SP,#ESIZE !Allocate V on stack! 
OOF8 ALE7 OUTLP: LD W2,I 'W2 vooints at KEY(oOlLdI)! 
OOFA ABEF DEC I,#ESIZE !1I gets I-1! 
OOFC ALE8 LD WL,I 'WL points at KEY(newI) ! 
OOFE BD97 SDK CNT, #KEYLEN 'Count for key comparison! 
0100 BA75 CPSIRB @WL,@Q@W2,CNT,NE !Comoare KEY(I) ,KEY(I+L)! 
0102 0986 
0104 E7LD JR ULT,ENDIF ! KEY(I) < KEY(T+1)! 
0106 5CEL LDM RO,-KEY(I',#ESIZE/2 !V gets REC(I)! 
0108 0007 
QLOA FFFD 
OLOC 1LCFY LDM @SP,R0,#ESIZE/2 
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LD VKEYL,SP lpoint VKEYL at key! 
INC VKEY1L, #KEY 
bD J;,1 !J gets I+l! 
INC J,#ESIZE 
LD JM1,I1 !1J-L gets I! 
LOOPIN: LDM RO,-KEY(J) , #ESIZE/? IREC(J-1L) gets REC(J)! 


LDM -KEY(JML),RO, #ESIZE/2 


LD JM1,J !J-1 gets J! 

INC J,#8SIZE 'J gets Jtl! 

LD W2,J 'W2 points at KEY(J)! 
LD WL,VKEYL IWl points at KEY(V)! 
LDK CNT, #KEYLEN 

CPSIRB @W2,@W1L,CNT,NE !\Compare KEY(J',KEY(V)! 


JR ULT,LOOPIN 1! KEY(V) > KEY(J)! 
LDM RO,@SP, #ESIZE/2 !'REC(J-L) gets V! 


LDM -KEY(JML),RO, #ESI2ZE/2 

DJNZ LCNT, OUTLP ‘Keep Looping if more! 

INC SP,#ESIZE !Done - give back V allocation! 
LDM RO,9@SP,#15 iRestore all registers! 

ADD SP,#30 'Give back register stack space! 
RET 


end QUICK 
end QUICKSORT 
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MATRIX TRANSFIISE. FOR On 


ra wt "4 - = te Ye = KX BLT OFFSE) X X OFFSET 
rc ae Ye = Y BLY OFRSE1 Y= Y OFFSET 


Boos BL) ORIGIN GF MATRIX CAS) 


Losi FOR ShwARE MATRIX INVER LON: 
FIR Xx 1 N= 7 
¥ X # N 
Xb =- X + BO 
Yk = ¥Y + BU 
WHILE ¢Xs NOM EGUAL YR) Tus 
1é ; SWAF LX. Yia 
; Xi + N 
YB + 1 


ii 


FN 


NAME. JSF MICEHIE: 


desi 38 SEGA SeaMENT &l OLOH 
“thy AGesLIME CE SEGA, ES: SEGA, IS: SEGA, BS: SEGA 


a) 7 EE UND TN OR RPASeSk PARAMETERS: 
OOO TE 1. Aus ABU WORD FIR DsP+iv 617 OF SE BR FURST MATRIX Jot 
OORT 2 ed AY beta WORD PIR DBR +E 1 7 ADDRESS FORK PIRES) RYDE CF MATKIX 
MOOT A ee N Ertl WORT! PTR LBP +4 1 7 MATRIX SIU SUZk ONXN= TOTAL Jel Ts) 
OOOZL a RE TADR lH WORD PTR DBR 7 CALIF REST LIRN ALU IR ROSES 


ah 6) CR RATE FRAME BCUINTER TO ADDRESS PARAME) RES 
OOOO Bs 37 FISH Jak ; SAVE. CALLERS SF 
QOO1 SRE: 3 MV ab Se SCREATE FRAME. FUMINTER 
0 SAVE. REGISTERS 

OOO FO 4c) PSH AX 
0004 So 44 PLIsik JAX i SAVE. JAX 
OOO Ft Ay PLISH (2x ; SAVE 1X 
000K SP Med LIS JX ; SHAVE. JX 


; SAVE. AX 


CMY, ibs 44. bh ated a pAVED Sd 
CO 7 Aer rl a ay pAVE. Tid 
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i SAVE, Juss 
AX, Al PSR VUB WS REGISTER WITH MATRIX SEGMENT 


OOF LF. Aly PL vsH ates 
OOO EAE 47 [0s 
4g 
Ay 4 RUN X INDEX FROM 1 Tu oN = 4 
UOMO LO) =O) MV AX, I iS1TART MATRIAX COLUMN fou ox) 
OOLG SO Sd LUE: BLS AX SSAVE INUEX UN STACK 
GO] Es) Sad Mii 1X, AX PUPLOOGCATR X ROR Y GAL (UL @T TON 
OOD FLEGO6 ao MULL. N PCOMEUITE START Uk RoW OY) 
QOOVE OF440r sets Ayu AX, AZ PCORRECT Fuk MATRIX RTT CREST OvED 
OO? OS EO: tng avin aX, av S CORRE) FOR MOTRIX BET ORERET OO) 


cad iOORAVE ROW ANTI TIOLUMM os) Res ONS 
OIL. Sc Sat NEXTEL TS FLESH AX i SAVE. ROW C¥Is) 
OOLT) Ss a MUSH nX SAVE. COLUMN ¢X)s) 


ity i 


i NUWOALICULATE ARSOLIUTE ALUIRESSES FOR AXTS INVERSION @NDD SWAr 


bus i; OLUMPUTE ROW FHYS ICAL AWURESS, LAL BYTE, ANT FORM MASK 
QOVF ALIS &4 Mini Plo AL. PIORY ROW BIT ALRR SS Law BYTE 
QOO2O Ok 1O7 fn FANT. teh 7A PL SULATE BIT ORR SR) INTO BYTE 
OOS SRRO bibs MM madly AX PSTARTING ROW INTO ST 
OO2S DLE: ios SHR ayo ik NU 
WOes LEE fis SHR oly 3 i WYRE 
OY? LEE. &y HF 1,1 i ALTIRE SS 
OOWI OF/408 “0 AY SWORD PIR Al Gj RECSUILVE. BYTE. ALIRE Se: 
NOOSE BAA 4] Miri AR, Lia 2 PLOAL ROW AXIS BYTE. . 
OOSO Deb te il.. Pele (ch. isk] AH HIGH BIT 0 WESURRDE CINE 
OOS! BOKARO 73 ANT! AK, ORG PLS0LATE THE Ji 
OOM BOF 74 Mini Al. 7FH iPRERPARR TO MARE ROW MASE BYTE 
OOS TIA on KROIR Al. Ub. PSR) ALL. GUT TRS URES 1) UN 
OOS? SAY Lbs Mi CCH, U2. i SAVE ROW SHIRT VALLE 
OO! AMIS if Mri tcl... Hl. PMOVE TN COLUMN LW ARE SS ey Te 
OOM Ok 107 “a FMI rel, OF Hl A USOLATE RAT OPE SEY 
OO4O DlbJs Le HK WiXa 1 i USOLATE THE: 
OO4>7 Dik)s m0) SHR aX, 1 OLIN Je 
OOM Tid tds md SHR Xa), i RY TE ALIRE SS 
O04 OSSEOF aed Ast BX WORD PTR Al PRESOLVE OY TR AUR 
O04? BAS mas Mia LH Linx 7 PLA ORROSTTE AX TS COLUMN BYTE 
QO4GR Dnthé m4 Sorll.. Lets Tl. PSAP YT ORPROSIIR To BIT ZRRE 


OOO BOLASO me ANSI 


OORC 


OOrs 


OoOn4g 


OOSA 


OOS 


OOSA 2 


OOF 


mA, Mii 
ad REI 


LH, OH 
Til. YEH 
is ta. 


se) NCW AH = RW TT At. 


may i WH  OGOIL. 


oe) SHR 
oy Moy 
We SHA 
ae ANI 
ez (ik 


BL. IM, 


AK, Ch. 
tel. 13H 
Deis teh. 
LJSX ta Ja 
Mex 1. A 


PIS0LATE BIT OF INTERES) 
PULRRATE COLUMN Js YR MASE 
PRT ALL BUT TESTRED 317 ON 


= Ried BYTE MASE CH = ROW BYTE SHIRT COUNT 
"OIL. BYTE MASE CL = COL YTR SHE T CcNy 


I. 
H 


PAT) SARE UMN CS RE RLACME NT TY 
PRES TORE ROWS SHOR CNG 

PSHIRT RACE ROWS REPLACEMENT i644 
PROBE OFF CUIMM BYTE RD 

POR UN ORES TR @X1S VALUE 


OOF wey ey ANT! 
NO ORNS Wh Kin 


RS ty Ab. PROIRICK GRR RAE YORE. dn 1 
PS. UH HOR ON COLUMN BYTE e271 VALUE 


it i ONT INOUE ROW AND COLUMN @UIVOANIEMER)D TULL. TOL AGONGL REAMHEII 
OOS Fs ed Pur Jax PRES TORE COLUMN BTD Ox) 
OOG3 Ie Lao rule AK PRES TORE. ROW TT OYE) 
OOE4 OF OF 104 Ada InX NM PWIND NRO SUMING Pes iv 
OOF 40 LOM LNW AX PUMVER TU MEX) ROW BS) oN 
QOGE CWS LOS LMP AX, ik PREACHED LO AGONAL 
OO6A Fano LOA INF: NEATLY HBRANICH UF MORE RANGE HERE. 


LOA OL SAE UNTO X RRACHESS MN 
QOeI Se: Lay aaa] a aes 
OOel 40 108 INC AX 
OO: SAAAOS Loy IME AX, N 
OOF Fev 110 PD i 


i RECS THRE, XL NUIE X 

AIO) NEXT X VALAIE. 

HCHEICE AGAINTS MATRIX SI7#. 
1. X AON NUWED TR ESP. ISR LW 


that i FUNUSHED 
OD fa OF cae Pur US 
OO74 SF 114 POP Jad 
OOS m1 Sik. Lait br F od 
OO 7 L1é a 5 JX 
COs / rae Fn LX 
OO7S SE Lis Poi Jax 
i PUP AX 
| 
1 
1 
{ 


i>RESTORE [is 
PRES TORE 111 
PAESIURE SJ 
iRESTURE FIX 
iRES TORE 0X 
iRESTORE EX 
PRES TORE AX 
i RESTORE J3k 
ARETURN CTO CALLERS 


OO7? ES 
OOFA SS 
MOY CoS 


Leo BE Jape 
141 RET 


173 SRG ENTS 


itm EN 
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MATRIX module Au = R4 !temp for bits ! 
TH = RH4 
!Example K: Boolean Matrix Transpose! TL := RL4 
IJBYTE = RH5 Ibyte at I,J ! 
constant JIBYTE := RLS Ibyte at J,I ! 
BYTES = R5 ! combined pair of bytes! 
!procedure arguments ! IJBX = R6 lindex of bit at I,J ! 
JIBX = R7 lindex of bit at J,I ! 
N =. RO ! size of N * N Matrix ! JBX := RR6 | combined J bit votrs ! 
OFF = RL loffset of first bit ! I JWX = R8 lindex of byte at I,J ! 
A = R2 laddress of first word ! JIWX = RI lindex of byte at J,I ! 
JWX = RR8 ! combined J byte vtrs $! 
!working registers (preserved over call) ! IROW = RLO tindex of bit A[I,l] ! 
ICOL = RLL tindex of bit A[1,I] ! 
IBX = RRLO ! combined I bit ptrs ! 
ICNT = R12 !I looo counter (N-I) ! 
MASK = R13 ltemp for mask bits ! 


!stack pointer ! 


SP := RL5 
0000 global BMTRAN procedure entry 
0000 030F SUB SP,#29 lsave registers ! 
0002 0014 : 
0004 1LCF9 LDM Q@SP,R4,#1L9 
0006 0409 
! FOR I := 2 TON ! 
0008 ALOC LD ICNT,N 1ICNT := N-1L ! 
000A ABCO DEC ICNT 
O000C A1LLB LD ICOL, OFF II := L. ICOL := OFF! 
OOOE ALLA LD LTROW, OFF ! IROW := OFF! 
ILOOP: Inew I value ! 
0010 810A ADD TROW,N !'TROW to next row ! 
0012 A9YBD INC ICOL t1COL, to next col. ! 
i POR J = °1. TO T-1 ¢ 
0014 94A6 LOL JBX, IBX !set inner Loop votrs! 
JLOOP: Inew J value ! 
! A[{I,J| <-> A[J,I| ! 
0016 9468 LDL JWX,JBX lcompute byte addrs ! 
0018 B38L SRL ITIWX, #3 
OOLA FFFD 
O001LC B39L SRL JIWX, #3 
OOLE FFFD 
0020 8344 SUB od gr \clear temo for mas! 
0022 2406 SETB TH, 1JBX Imask: bit for IJ ! 
0024 0400 
0026 8B89 CP JIWX, LIWX !IJ, JI same byte? ! 
0028 E60D JR EQ,SAMEIJ 1 yes ! 
002A 8128 ADD IJWX,A 1 no ! 
002C 2085 LD8 ILJBYTE, @IJWX hioad Al1,;J! ! 
O002E 8129 ADD JIWX,A 
0030 209D LDB JIBYTE, @JIWX !load A[J,I1| ! 
0032 2407 SETB TL,JIBX imask bit for JI ! 
0034 0C00 
0036 AlL4D LD MASK,T l'save mask ! 
0038 8754 AND T, BYTES lextract bits ! 
003A 88C4 XORB TH, Ef !same (paritv even)?! 
003C E40C JR PE,NEXTJ ! same: done ! 
003E 89D5 XOR BYTES ,MASK \different: flip bits ! 
0040 2E9D LDB Q@QJIWX,JIBYTE Istore bytes ! 
0042 E808 JR STOREIJ 
0044 8128 SAMEIJ: ADD IJWX,A ! IJ and JI in same byte ! 
0046 2085 LDB ITIBYTE, @IUWX !load A[I,J\ ! 
0048 2407 SETB TH,J LBA Imask bit for JI ! 
004A 0400 
004C AL4D LD MASK,T 'save mask \ 
OO4E 8654 ANDB TH, LIBYTE lextract »vits ! 
0050 E402 JR PE,NEXTJ ! same (parity even)! 
0052 89D5 XOR BYTES , MASK 1 different: fltiio bits ! 
STOREILJ: 
0054 2E85 LDB @IIWX, [LUBYTE Iistore IJ byte ! 
00565 A960 NEXTJ: INC IJBX Itmove I,J across ! 
0058 8107 ADD JIBX,N 'move J,I down ! 
005A 8875 CP LJIBA,J LBA tnhit diagonal? ! 
005C EBEDC JR NE, JLOOP | not -L000 ! 
NEXTI: Istep outer Loop to next i 
OO5E FCA8 DINZ TCNT , LOOP '\dec & test Looo count ! 
0050 1CFL LDM R4,@SP, #10 !restore registers | 
0062 0409 
0064 OLOF ADD RL5,#20 
0066 0014 
0068 9ED08 RET lexit ! 
O06A end BMTRAN 
end MATRIX 
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the world’s largest variety of off-the-shelf models 
1.5-450 MHz 3°phase unbalance 


The 90°Series from Mini-Circuits from $1295 


90° SERIES SPECIFICATIONS 
Ls Phase Amplitude 


Freq. Isolation Insertion Unbalance —Unbalance Price 
Model Range dB Loss dB Degrees dB 
Choose from more than 20 models of 2-way, 90° POD ee. SP — ne —* mee = — oe 
2-1. 1417 29 25 04 OF 3.0 | 12.95 (5. 
power splitters, “Panning 1.4-450 MHz, with typically PSCQ-2:3.4 3038 30 25 04 07 3.0 12 16.95 (5-49) 
better than 25 dB isolation and insertion loss less than PSCQ-2.6.4 5870 30 25 04 07 3.0 12 12.95 (5-49) 
. Models are available in hermetical] -sealed pin poCQ275 = 7.080 35 25 «04 «07 3.0 12 12.95 (5-49) 
0.3 dB. Mod al y Pp PSCQ2105 90-110 25 20 04 97 3.0 12 12.95 (5-49) 
packages as Well as connector vee ns. PSCQ.2-13 1214 29 2 Q4 o7 3.0 12 12.95 (5-49) 
° (74 . ’ of. ° . 
Of course, if you need a special” for a specific appli- PSCQ-2-14 1216 30 25 03 06 3.0 18 16.95 (5-49) 
; PSCQ2214 2023 30 «o-2-s0a.s7 3.0 12 12.95 (5-49) 
cation, contact us for a prompt, informative response. Siege ao Sr oo of a. oe Goce 
We can supply your needs...at regular catalog prices! PSCQ-2-70 40-70 25 20 03 07 3.0 12 19.95 (5-49) 
For complete specs, performance curves and appli- PSCQ-2-90 5590 30 20 03 07 3.0 12 19.95 (5.49) 
; PSCQ2-120 80-120 25. «18-«03.—7 3.0 15 19.95 (5-49) 
cation information, refer to 1980-1981 MicroWaves PSCQ:2-180 120-180 23 (15. «03-07 4.0 12 19.95 (5.49) 
Product Data Directory (pgs. 179-216) or EEM (pgs. PSCQ-2-250 150-250 23 18 0.4 0.8 4.0 1.5 19.95 (5-49) 
2923-3142) PSCQ2-400 250-400 22 16 04 09 4.0 15 19.95 (5-49) 
- CIRCLE NO 78 PSCQ-2-450 350-450 22 «16 =«0.4.~—9 4.0 15 19.95 (5-49) 
ZSCQ-2-50 2550 30 20 03 OF 3.0 15 39.95 (4-24) 
ZSCQ-2.90 5590 30 20 03 07 3.0 12 39.95 (4-24) 
=.= = = ZSCQ-2-180 120-180 23 15 03 7 4.0 12 39.95 (4-24) 
= Mini- Ci r cults ZMSCQ-2:50 2550 30-20 0307 3.0 15 49.95 (4-24) 
» Division of Scientific Components Corp. ZMSCQ-2.90 5590 30 20 03 Q7 3.0 1:2 49.95 (4-24) 
World's largest manufacturer of Double Balanced Mixers 

2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 2MSCQ-2-180 120-180 23 15 03 07 4.0 12 49.95 (4-24) 

Domestic and International Telex 125460 International Telex 620156 “Average of coupled outputs less 3 dB Impedance 50 ohms all models 
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Design Ideas 


Optocoupler saves battery-backed RAMs 


Dan Garcia 
Pellerin Milnor Corp, Kenner, LA 


When backing up a »P system’s RAMs, you must 
ensure that the pP’s memories can’t be inadvertent- 
ly selected or undergo a read/write operation when 
the system’s power supply is failing or completely 
off. This design (figure) not only isolates the RAMs 
from the pP, it further transient-protects the ICs by 
using an optocoupler as a mains-failure sensor. 

By directly monitoring the mains, this optocoupler 
provides the additional advantage of allowing you to 
initiate the RAMs’ isolation before the system’s 
supply voltage actually starts failing. The ac line gets 
rectified and filtered to provide the drive current to 
the optocoupler’s input LED. Thus, so long as an ac 
line voltage exists, the LED is ON. This condition— 
via the optocoupler’s phototransistor—drives the 
Darlington device ON and grounds the 7407 TTL- 
type buffer. And when the buffers are ON, the »P’s 
Chip Select (CS) and Read/Write (R/W) signals get 
passed to the CMOS RAMs for normal usage. 

When an ac-mains power failure occurs, however, 
the process reverses: The LED’s bias disappears— 


RESET 
(FROM uP) 


AC 
INPUT 
O 


NOTE: 
SEE TEXT FOR 
TYPICAL RESISTOR VALUES 400k 


Disable battery- backed-up CMOS RAMs so that memory-stored data can't be disrupted after an ac-mains dropout. So long as an 
c input exists, the LED (and therefore the buffer) is ON and the uP remains connected to the RAMs. 
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after a period determined by the R»C time constant 
_and the TTL buffer disconnects the RAMs from 
the uP. (Note how the optocoupler’s phototransistor 
also connects to the pP’s Reset function.) 

The time constants you employ depend upon 
several factors; the ac input level, optocoupler and 
Darlington transistor all enter into the picture. For 
the devices shown in the figure, Ri:=470Q, Ro=1 kO 
and R3=47 kQ with an ac input voltage of 8V rms. 
This combination disables the RAMs within 15 msec 
after an ac input loss. 

Only two considerations apply in selecting the 
active devices. First, the Darlington transistor’s B 
should be very high (1000 in this case) at 50 mA. 
Second, you should account for the optocoupler’s 
transfer characteristics: A highly sensitive (ie, 
high-8) device might not shut off as rapidly as a less 
sensitive unit. Why? The LED’s drive current might 
not drop far enough soon enough to isolate the RAMs 
before a dropout by the system’s de power supply. 
Optimize the resistors’ values to meet your applica- 
tion’s and the devices’ requirements. EDN 
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Design Ideas 


Pipeline scheme speeds slow memories 


Steven Bennett 
Harris Semiconductor, Melbourne, FL 


Employ a pipelining technique—normally used to 
enhance instruction-throughput rate or maximize 
the usage of bus bandwidth—to permit high-speed 
operation of low-speed memories in ordinary pC- 
based designs. Although the scheme shown in the 
figure conforms to an 8085A, you can adapt this 
approach to other processors, especially those that 
require fast read-LOW-to-data-valid memories. 
With the scheme as implemented here, a 2708 
EPROM’s effective read-access time drops from 120 
to 6 nsec. 

This improvement arises when the address/data 
bus (AD,-AD-) is demultiplexed by an address latch 
(IC,) and fed with the high-order address bits 
(As-Aj5) to the 16-bit comparator (IC, and IC-). That 
device compares the new address with the previous 
address plus one, and the result latches into IC,» on 
the trailing edge of ALE. 

If the two addresses are arithmetically equal, 
nothing happens until the wC issues a Read com- 
mand, causing a 3-state buffer (ICs) to gate the 


already accessed data onto the System’s data bus. If, 
however, an address inequality exists, the Q output 
of the equality latch (ICjw) causes the Wait-state 
generator (IC;,) to parallel-load a hardwired number 
of states. (This version uses three single-clock states. ) 

The Wait-state circuit’s LOW output extends the 
Read period, resets the equality latch and causes a 
16-bit address counter (IC..) to parallel-load a new 
address. This trick allows you to access noncontigu- 
ous memory locations. When the Wait state clocks 
out, the Read signal again gates data onto the 
system bus. Thus, by employing a program counter 
external to the CPU and incrementing this counter 
with the Read pulse’s trailing edge, you can make 
the memory produce instruction N + ] while the wC 
is executing instruction N. 

As an example, the 5-MHz 8085A-2 is usually 
limited to 4-MHz operation when interfaced to 2708 
EPROMs using standard methods. With this pipeline 
Scheme, however, you can achieve a o-MHz operat- 
ing speed and could reach 6.7 MHz if a faster 8085 
becomes available. | EDN 


To Vote For This Design, Circle No 453 


ADDRESS 
INPUTS 
Ag.15 


CPU G6 
CLOCK 


READY © 


-~ +=] 4A 4 O0O)0O 


OUTPUT 
TO BUS 


NOTES: 
IC TYPE FUNCTION 
1 74F373 OCTAL LATCH 


25 4x74F193 
6,7 2x74F512 


U/D 16-BIT COUNTER 
16-BIT COMPARATOR 


8 74F244 3-STATE BUFFER 

9g 74F04 INVERTERS 

10 74F74 EQUALITY LATCH 

11. 74165 WAIT-STATE GENERATOR 


Slow memories act faster when the next-to-be-accessed location is pipelined, stored and acquired before the system expects the 
data. Then, when the system's .C (not shown) issues a Read command (RD), the already available data is gated onto the system 


data bus. 
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Pulser provides variable start, stop times 


Marian Stofka 
Bratislava, Czechoslovakia 


When testing a digital circuit design, you’re apt to 
need a pulse generator whose turn-on and -off times 
you can delay by a precise and programmable 
amount. The scheme shown in the figure accomplish- 
es this function with a resolution of one part in 256, 
and it’s easily expandable to even higher accuracies. 

First, enter the output pulse’s start and stop times 
into two 16-bit MUXs via four rotary switches. Then 
set both start and stop times independently with 
switches for coarse (X16) and fine (<1) values in 
hexadecimal format. (You could also realize a decimal 
format by using the first nine inputs to the MUAs.) 

Thus, for example, to start a pulse at position 56, 
enter three into the x16 MUX (giving 48) and eight 
into the x1 MUX. Also note how the open-collector 
inverters isolate the start and stop signals (Q and Q) 
from each other, allowing you to set equal or 


overlapping times without interference. 

The output pulse starts (goes HIGH) when both 
counter-driven MUXs’ preset inputs are decoded 
and the MUXs’ outputs trigger the JK flip flop. The 
counter continues until reaching the appropriate 
stop code and the flip flop’s output goes LOW. (The 
flip flop’s clock-preset requirement is satisfied be- 
cause both the flip flop and the counter respond 
equally to the clock’s positive-going edge.) Note 
that the output pulse’s change of state is delayed 
by one clock period relative to the counter’s state. 

In the configuration shown, the output pulse’s 
start and stop times can be resolved to within 7/128 
radians and not overlap. You can increase the 
setting’s resolution by cascading additional MU Xs 
and counters. Additionally, you can employ the flip 
flop’s otherwise unused JK inputs—pulled HIGH in 
the figure—to further control the output pulse. EDN 
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Precisely program a pulse’s start and stop times by setting the values into a pair of MUXs and waiting for the counter to reach the 
appropriate code. With this design, you can start the output during any of the first 128 time slots and stop it during any of the 
succeeding 128 positions. Note how the Q output is delayed by one clock period. 
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Design Entry Blank 


$40 Cash Award for all entries selected by editors. 
An additional $75 Cash Award for winning design 
each issue, determined by vote of readers. 
Additional $1000 Cash Award for annual Grand 
Prize Design, selected among biweek!y winners by 
vote of editors. 


To: Design Ideas Editor 

EDN 

Cahners Publishing Co 

221 Columbus Ave, Boston, MA 02116 
| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 


Title Phone 


Company 


Division (if any) 


Street 


City _ State Zip 


Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All 
designs published win $40 cash. All issue winners 
receive an additional $75 and become eligible for 
the annual $1000 Grand Prize. 


Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to 
Design Ideas Editor, EDN, 221 Columbus Ave, 
Boston, MA 02116. 
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single one-shot senses 
frequency limits 


Rudy Schneider 
Carco Electronics, Menlo Park, CA 


Unlike a previously published Design Idea (“One- 
shots detect frequency levels,” January 21, pg 148), 
this frequency-discriminator scheme (figure) re- 
quires only a single one-shot IC and its associated 
timing components. You set the frequency detector’s 
threshold by selecting a single RC combination: 
T;=0.45RC. 

Thus, for example, with R=100 kO and C=0.022 WF, 
T;=990 sec and the discriminator’s threshold 
frequency is 1/T,=1010 Hz. (Note, however, that the 
0.45 factor applies only if you use the indicated LS 
Series one-shots. If you employ a standard 74122 
instead, the factor becomes 0.28.) 

You can extend this technique to realize bandpass 
sensing. Use a double one-shot IC such as a 74LS123 
and set up two different time constants: one at each 
frequency limit. (The 7474 D flip flop is itself a dual 
unit and thus can be used as is.) Then, by adding the 
appropriate AND/OR gates to the outputs of both 
flip flops, you can flag under-, over- and in-band 
frequencies. EDN 
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Input-frequency discrimination occurs when the unknown 
signal's period (T,) exceeds that of the retriggerable one-shot (T2). 
The output signal (E3) stays LOW so long as the input frequency is 
lower than the one-shot's frequency and goes HIGH when the 
input frequency is HIGH. 
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RAM failure analysis speeds test 


Herb Perten 
lrex Medical Systems, Ramsey, NJ 


The memory-testing code presented in Software 
Note #62 (EDN, February 4, pg 90) runs slowly 
because it performs all tests serially. But if you 
analyze the ways RAMs can fail, you can speed the 
algorithm by using just two WRITE and two READ 
instructions for each memory location. 

RAMs fail in two areas: the data section and the 
address section. Data errors result in stuck bits. If 
you write and then read first a ONE and then a 
ZERO to each bit of every memory location, you'll 
identify every data error. 


“EACH LOCATION OF THE RAM IS LOADED WITH ITS POSITION NUMBER. THEN, 
-EACH LOCATION IS READ TO SE IF IT HAS THE CORRECT CONTENTS. NEXT, 
-EACH LOCATION IS LOADED WITH THE 1'S COMPLEMENT OF ITS POSITION NUMBER 
-AND IS READ FOR CORRECTNESS. THESE TESTS WILL PICK UP ANY PROBLEMS 
“WITH THE ADDRESSING OR DATA SECTIONS OF THE RAM AND ITS BUSSES. 


RAMTEST :LD A,1 
LD HL, RAM /START OF RAM 
LD B,64 “SIZE OF RAM 
RAMLD: LD (HL) ,A “LOAD RAM LOCATION 
INC A -NEXT VALUE 


;NEXT LOCATION 
DJNZ RAMLD 


LD A,1 /READ THE RAM LOCATIONS FOR CORRECTNESS 
LD HL, RAM 
LD B,64 
ADRAM: CP (HL) 5IS CONTENTS OF LOCATION OK? 
JR NZ,RAMNG ;JP IF NO 
INC A ;NEXT VALUE 


INC H 


HL *NEXT LOCATION 
DJNZ RDRAM 


Knowing the two types of RAM failure allows you to write a simple but thorough memory test. 


Address errors result from stuck bits; they cause 
access to one location by two or more addresses. If, 
for example, the least significant address bit were 
stuck at ZERO, each odd address would map to the 
even address immediately preceding it. 

Because addressing is a binary process, any 
incorrect address mapping results in the overlay of 2" 
locations (n is the byte size) onto another 2" locations. 
To catch this error, write a sequence of non-2" words 
(such as three different values) to successive memo- 
ry locations until the RAM is full. Then, when you 
read the RAM (in the same order), you'll see the 
error. If the RAM has less than 2" locations, load 
each location with its relative address. 

The figure shows sample coding of this test, 
written for a Z80. EDN 


LD A, OFEH -LOAD RAM WITH 1'S COMPLEMENT OF PREVIOUS TEST 
LD HL, RAM 
LD B, 64 

RAMLDC: LD (HL) ,A -LOAD RAM LOCATION 
DEC A 


INC HL 
DJNZ RAMLDC 


>CHECK CONTENTS 


LD HL, RAM 
LD B, 64 
xDRAMC: CP (HL) /CORRECT VALUE? 
JR NZ,RAMNG ;JP IF NOT 
DEC A 
INC HL 


DJNZ RDRAMC 
>RAM OK 


»RAM BAD 
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Memory controller handles 16M bytes 


Steven Bennett 
Harris Semiconductor, Melbourne, FL 


Is there life after 64k? If your answer is no, you 
might be considering a costly move to a 16-bit 
machine, But a less traumatic solution is available. 
With a handful of TTL devices and a spare I/O port, 
you can build a memory controller that permits 
global jumps and calls within a 16M-byte address 
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space. (Don’t confuse this technique with the “page- 
boundary crossing only” afforded by some memory- 
management ICs.) 

The circuit shown in the figure implements the 
technique for the 8085. To use it, you must first 
program the HM-7610A opcode-decode PROM so 
that outputs Yi, Ye and Y; are LOW when addressed 
by JUMP unconditional and CALL unconditional 
opcodes. Similarly, program Y, LOW for RETURN 
unconditional opcodes. The PROM then serves to 
detect these opcodes on the data bus. It gets strobed 
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74LS08 


OPCODE-DECODE PROM 


PROCESSOR RESET 


PERIPHERAL INTERFACE 


DATA BUS 


OPCODE FETCH 


| | CYCLE 


DECODER 
74F32 


Aig — Ao3 


SEGMENT 
ADDRESS 


HIGH-ORDER 
ADDRESS LATCH 


Expand system RAM on an 8-bit .C with a handful of TTL devices and a spare //O port. 


by the OPCODE FETCH signal, which is decoded 
from the 8085 status-bus Signals. 

When the circuit detects aJUMP/CALL opcode on 
the data bus, a pulse from the PROM clears the 
74F161 ALE-pulse counter, which then increments 
on the trailing edge of ALE. The resulting count gets 
decoded by the 74F138 cycle decoder. When the 


counter has counted three ALE pulses (JUMP/ 


CALL instructions are three bytes long), the pP 
contains a 16-bit branching address, which it starts 
outputting on the address bus. 

The same ALE pulse that outputs this 16-bit 
JUMP/CALL address also loads the two 74116 
high-order address latches with an 8-bit address 
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supplied by port A of the 8255 peripheral interface. 
Therefore, before executing a global JUMP or global 
CALL instruction, the »P should load the segment 
address to the appropriate port of the 8250. 
Executing a JUMP or CALL instruction without 
first reloading the 8255 merely results in a jump or 
call within the current segment. (The system 
supports 256 segments, each 64k bytes long. ) 

Note that any memory-mapped I/O or RAM 
accesses must occur within the 64k segment that is 
currently running the program—otherwise the pro- 
gram becomes lost. 

To return to the interrupted or called main 
program, the »P must merely execute an uncondi- 
tional RETURN. This command gets detected by 
the opcode-decode PROM, which issues a pulse on its 
Y, output to reload the high-order address latch from 
port A of the 8255. The segment number at port A 
must not get changed by the interrupt-handler 
subroutine; otherwise, the program will become 
lost. For this reason, all interrupt handlers and 
subroutines must reside within the 64k of segment 0. 


EDN Software Note #73 
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PROM OUTPUTS 
Va. -¥% 


JUMP UNCONDITIONAL 
CALL UNCONDITIONAL 
RETURN UNCONDITIONAL 
ALL OTHER ADDRESSES 
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Program the PROM as shown so that it works in the figure’s 
circuit. 


Oe 


You can safely use all JUMP, CALL and RE- 
TURN instructions except the unconditional forms 
within a segment, because they will not precipitate a 
global branch. 

You can modify this basic system to suit most 
applications for a large memory controller. View the 
system shown as a guideline and develop your own 
variants. The table shows how to program the 
HM-7610A for the circuit presented. EDN 


Access routines increase total system ROM 


David M Gardner 
Tekno Industries Inc, Bensenville, IL 


When your 8-bit »C lacks sufficient ROM address 
space, you can implement a software-controlled 
ROM-bank selection mechanism that pages-in a 
portion of the total system ROM. This process is 
analogous to loading an overlay from a mass-storage 
device (such as a floppy disk) but provides much 
shorter access time because it doesn’t involve a 
mechanical device. 

When developing software mechanisms to manage 
this additional ROM, pay attention to the operating 
environment and program-interface considerations. 
Specifically, choose an access method that’s easy to 
use and that, depending on conditions, works in an 
environment where you can initiate bank selection 
with interrupts. Additionally, the bank-selection 
process shouldn’t affect the CPU registers. 

The code shown in the figure meets these 
requirements for the 8080/85. It is based on the 
assumption that an always available—or common— 
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ISIS-II 8080/8085 MACRO ASSEMBLER? V4.0 MONULE FAGE 1 


“LOC OBJ LINE 


SOURCE STATEMENT 
1 $NOFAGING FAGEWIDTH(80) MACROF ILE FRINTC3 TO!) 
235 
27FF 3 REREG EQU 27FFH #READ/WRITE 
435 REGISTER FOR ROM BANK SELECTION 
3% 
& jREENTRANT ROM-BANK LINKAGE MACRO — 
7 FLACEL ON NON-BANKEL SELECTED ROM. 
8 COMPLETELY INVISIBLE TO CALLED & CALI.ING 
9 FROCELDURES--NO REGISTERS MODIFIED. NOTE: 


; 
; 
; 
s REQUIRES 264 8085 T-STATES TO FERFORM LINK 
$ & UNLINK. 
5 8080/85 1-KYTE RESTART INSTRUCTIONS ARE 
; USED IN FLACE OF 3-KRYTE CALLS TO "RSTRT1" & 
+ *RSTRT2* TO RELIUCE EACH LINKAGE ROUTINE 
15 3 TO 9 BYTES EACH. 
5; ACCESS POINTS AND ROUTINES REFERENCED? 
; ROUTINE "CLGRTN" IS CAI.I.ING 
; ROUTINE "TARGET" ¢(LOCATEN ON 
; ROM BANK "BANK') VIA A LINKAGE 
; ROUTINE GENERATEN BY MACRO "LINK" & 
; UTILIZED BY A CALL TO "LINKPT". 
L. 


te) CALL TARGET 
31 $3 RESTORE OLD ROM BANK ANI RETURN 
2 RST 2 


22 LINK MACRO LINKF'T» RANK» TARGET 
= Zo EXTRN TARGET 
a 24 FUBLIC LINKFT 
= 25 LINKFT$ FUSH H 
ss 2 MVI Ly» RANK 
= 27. $$ SAVE CURRENT ROM BANK - SELECT NEW ONE 
= 28 RST 
= 29 XTHL 3$SAVE CURRENT BANK ON STACK 


Paging ROM intoa »C system provides access to larger amounts 
of total-system ROM. (Listing continues on pg 212) 
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33 ENTIM 
BA Frm mcr ie ae nha as oe ah aes 
0008 35 ORG 8H 


36 RSTRT1$ #WRITE (L) To RBREG TO SELECT "TARGET’S® 
37 + BANK. RETURN WITH (H)="CLGRTIN’S*" BANK, 


38 + WORT! @(SF)=RETURN ANDRESS TO "LINKFT® 

39 + WORK! @((SF)4+2)= OLD CHL) 

40 5 WORT @((SF)+4)=RETURN ADDRESS TO "CLGRTN" 
0008 FS 4] FUSH FSW #SAVE A $F 
0009 3AFF27 42 LIIA RBREG *#CURRENT RANK 
OOOC 67 43 MOV HrA 
O00D C34000 44 IMF RST1 #CONTINUEL 

BS Fn en ee 
0010 464 ORG 10H 


47 RSTRT2: $RESTORE "CLGRTN’S* BANK & RETURN 
48 5 WORT! @(SF)="LINKPT# RETURN ATITIRESS 
49 3 RYTE @C(SF)+3)="CLGRTN‘’S* ROM BANK 
"0 ¢ WORD @((SF)+4)="CLGRTN’S® RETURN ADDRESS 


0010 E3 oil XTHI. sDUMP "LINKET® RET 
’ ati F OO11 El v2 FOF H 
The sound of Hecon’s G0687 Electrosensitive Tape Printer. sei eS ae XTHL:  CHSGuIL PAGE 
= 0013 FS w4 FUSH FSW 9SAVE A & F 
Reliable. . | . . . 0014 7C 55 MOV AvH 
The only moving part is the paper feed. A unique, fixed 100 wire 0015 C34600 5 JME RST2 *CONTINUED 
printhead produces a full 20 Characters per line. No shuttle mecha- O7 FARRAR RRR ea ae atime aici 
; é ; 0040 58 ORG 40H 
nisM to fail. No ink cartridges or ribbons to replace. Lots of dependable 59 RSTit RESTART 1 CONTINUED 
printing. 0040 71 60 MOV ArL 
Legible 0041 32FF27 om STA REREG ySELECT NEW BANK 
7 ; ‘ : ; 0044 Fi 62 FOF FSW *RESTORE 
The 64 character ASCII set is produced in a unique 5 x 14 matrix 0045 C9 63 RET 
pattern. Crisp, clear characters line after line at 5 lines per second. 64 3 
Vv til 65 RST2! #RESTART 2 CONTINUED 
ersatiie, 0046 32FF27 46 STA RRREG 
Available versions are desktop, wallmount, and rackmount complete 0049 Fi 67 FOF FSW #RESTORE 
units or OEM mechanisms. A model for V ication. 004A E1 68 FOP 4 FRESTORE CHI.) 
odel for every application gs pe er 
70 ENT 


Reliability, legibility, versatility—all you ever needed in a Tape printer 
Available now in the GO687 


It's got to be good. It's a Hecon. | 
HECON 


Hecon Corporation, 31 Park Road, Tinton Falls, NJ 07724 
® (201) 542-9200 


PUBLIC SYMBOLS 


EXTERNAL SYMBOLS 


USER SYMBOLS 


LINK + 0000 RRREG A 27FF RST1 A 0040 RST2 A 0046 
RSTRT1 A 0008 RSTRT2 A 0010 
CIRCLE NO 79 ASSEMBLY COMFLETE, NO ERRORS 
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block of ROM exists to service at least the interrupt 
vectors. For each routine in banked ROM, the 
VECTOR macro generates nine bytes of code. 
(Restarts one and two are used to save space.) 

The code is €asy to use; accessing the TARGET 
routine requires only a call to the proper LINKPT. 
Because the call and its associated return modify no 
registers and are themselves re-entrant, the code is 
invisible to both the called and calling routines. 

One final note: Because this macro’s execution 
time is relatively long, you should locate Short, 
frequently used utilities and fast-response interrupt 
handlers in the common ROM. EDN 


LOW COST TO-5 

SOCKET 

e 3to 10 contact versions on 
-200” to .230” pin circle. 


e Four-leaf machined contact and 
machined outer Sleeve, gold or 
tin/gold plating. 

e Closed sleeve for 100% anti- 
wicking. 

e Colorful molded nylon 
insulators. 

e@ Ultra low profile. 


AUGAT" 


Interconnection Components Division 


33 Perry Ave., P.O. Box 779, Attleboro, 
Massachusetts 02703/Tel: (617) 222.2202 
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Need to Know? 


EDN’s advertisers Stand ready to provide you 
with helpful design information and other 
data on their products. Just circle the appro- 
Priate numbers on the Information Retrieval 
Service card. If your need is urgent, contact 
advertisers directly, and mention EDN. 
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October 5-8, 1981 Hyatt Regency, Chicago, IL 


The Only Midwest Conference and 
Exhibition Devoted Exclusively to 
Test Instrument and ATE Technology 


Leaders in the test industry will address problems in test technology 


and management: 


Evaluating ATE 


You will learn about the technology of ATE hardware and 
software; designing and building your own ATE; how to get 
started in ATE; analog, digital and hybrid testing; digital 
simulation techniques and much more. 


Using Test Instruments Effectively 


You will learn how to solve problems with instruments in 
systems and on the bench: waveform analysis for measuring 
complex waveforms, time and frequency domain anal ysis, 
using timer/counters, waveform analyzers and spectrum 
analyzers; effective phase measurements using phase angle 
voltmeters, phasemeters and phase detectors; measure- 
ments on complex digital circuits using state and timing 
logic analyzers; and much more. 
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Plan to attend. If you are faced with these test, 
measurement and evaluation problems, we invite 
you to listen, learn, and see some of the latest 
test and measurement solutions in the electronics 
industry at the Electronics Test & Measure- 
ment Conference, October 5-8 in Chicago. 


Plan to participate. If you have faced and 
solved some of these problems and would like to 
share your solutions with other test professionals, 
you may be a candidate to lead a session at our 
conference. Contact Art DeSena, Technical 
Program Director at the address below. 


Electronics Test and Measurement Conference 


4050 Commonwealth Ave., Boston, MA 02215 
(617) 232-5470 


Tradeoffs in Component Test Technology 


You will learn about tradeoffs of burning-in components, 
how much functional testing is necessary; effective use of 
data collection; testing VLSI and Ps; testing linear devices 
and much more. 


Effective Management of Test Resources 


You will learn about managing a test engineering depart- 
ment; managing a test programming group; managing an 
ATE facility; the economics of testing and how to sell the 
economics of ATE to top management, evaluating automa- 
tic vs. manual testing; setting up standard techniques for test 
programs and much more. 
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Produced by Electronics Test and co-sponsored by 
Circuits Manufacturing, Digital Design and Design 
Engineering magazines. 
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Electronics Test and Measurement Conference. 
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attenuators 


the world’s lowest priced attenuators 3,6,10 or 20dB 
from DC to 1500 MHz.. -hermetically sealed 


The AT Series from Muini-Circuits $ 9 5 
case 


Check these features: twit 


V High stability; thick film construction — 
in a hermetically sealed case 


V Rugged construction: Meets 
requirements of MIL STD 202 
V Miniature Size: 0.4" by 0.8” by 0.2" high 
V Flat frequency response: Typically +0.3 dB 
V Excellent VSWR: typically less than 1.2:1 
V Low cost: $1.95 (1,000 quantity), 
$3.95 (10-49) 
V Delivery: From stock 


DESIGNERS KIT AVAILABLE, KAT-1 
4 attenuators of each type 


AT-3, AT-6, AT-10, AT-20 only $39.95 


Attenuation, Attenuation Frequency _ Attenuation Change VSWR 


dB Nominal Tolerance Range From Nominal Over Max. Power 
Model Value from Nominal MHz Frequency Range, MHz Max. 
DC- 1000- 
DC-1000 1000-1500 1000 1500 
AT-3 3 +0.2dB DC-1500 0.6dB 1.0dB 1.3:1 1.5:1 1W 
AT-6 6 +0.3dB DC-1500 0.6dB 0.8dB 1.3:1 15:1 1W 
AT-10 10 +0.3dB DC-1500 0.6dB 0.8dB 1.3:1 15:1 1W 
AT-20 20 +0.3dB DC-1500 0.6dB 0.8dB 13:1 15:1 1W 


i 
£3 ] a ion 
C~ Mini-Circuits 
A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 


2625 East 14th Street, rooklyn, New York 11235 (212)769-0200 
Domestic and International Telex 125460 International Telex 620156 
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Specially packaged high-power rectifiers 


feature easy mounting and low cost 


Cost-sensitive yet high-power 
applications such as are welders, 
plating supplies and_ battery 
chargers can profit from using 
Hi-Line studless-package power 
rectifiers. They're available in 
two versions: The A215 Series 
handles 150A; the A230, 300A. 
Both families feature break- 
down ratings spanning 50 to 
800V and are available with 
anode or cathode connected to 
the heat sink. In addition to 
handling rectification chores, 
the devices—because they soft 
recover—can function as free- 
wheeling (flyback) diodes in 
motor-controller designs. 


Package reduces cost 


The rectifiers’ package design 
is responsible for their 30 to 40% 
cost saving over stud-mounted 
devices. Instead of employing an 
expensive, machined studded 
heat sink, the units feature a 
stamped mounting plate. Addi- 
tionally, a specially designed 
plastic housing with a side- 
positioned access door eases 
automatic assembly. 

Further savings result from 


High-power rectifiers reside economically in a specially designed housing. Featuring 
average current ratings to 300A and breakdown-voltage limits to 800V, Hi-Line devices 
are heat-sink mounted via a stamped baseplate and environmentally protected by a 
plastic case. 


not employing ceramic housings 
with glass-to-metal sealings— 
thereby yielding a less expen- 
sive package 1 in. shorter than 
standard types in overall height, 
available with top-terminal op- 
tions that include braided, spade 
and threaded studs or inserts. 
Depending on breakdown 


voltage, Series A215 devices 
cost $7.60 to $18.20; Series 
A230, $9.45 to $16.20 (10). 
General Electric Co, Semi- 
conductor Products, Mail 
Drop 44, West Genesee St, 
Auburn, NY 13021. Phone 
(203) 852-8200. Circle No 450 


Microwave frequency counters 
lock sources for higher stability 


Models 575 and 578 not only 
measure signals to 18 or 26.5 
GHz, respectively, they also 
automatically lock swept sourc- 
es over their entire ranges to 
provide synthesizer-like stabili- 
ty at low cost. Additionally, 
Model 578 provides optional 
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frequency coverage to an un- 
beaten 110 GHz. 

The frequency counters also 
include IEEE-488 interfaces as 
standard equipment, simplify- 
ing source-locking designs in 
systems applications. 

In operation, the source- 


locking signals coarse-tune a 
signal generator via an external 
Sweep input and fine-tune it via 
an FM input. For repetitive 
tests, as in production-line test- 
ing, you can store and recall nine 
preprogrammed frequencies. 

In frequency-measurement 
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Form follows function | a 
in everything Dave 


does Whether Dave Kruszewski is desi 3 
sion ® one of our instruments or working on - 
his next 300 game, he's doing what comes naturally. 
_ Dave has a knack for intense concentration, . ~. 
_attention-to-detail and — deliberate control: 


But you don’t get to 


Self discipline breeds 
quality. Which is really 
_ why our instruments are 
held in such high regard. 
Because Dave and all of 
us at Keithley work to 
give you the quality you 
expect, with a little to 
spare. 


KEITHLEY 


Keithley Instruments, Inc. 


See the full line of Keithley DMMs,. 
Scientific and Systems Instruments in 
our new full line catalog. 


28775 Aurora Road /Cleveland, Ohio 44139 / (216) 248-0400/ Telex: 98-5469. © j 


% 


ling 


, e an accomplished designer 
or a 204 scratch bowler on talent alone. Dave works 
at it. And it shows in his clean, uncluttered designs. 


|New Products 


Source-locking capabilities on Models 
575 and 578 microwave frequency 
counters allow you to control swept 
sources to achieve synthesizer-like 
Stability. 


applications, the instruments 
furnish -—30-dBm sensitivity, 
OW input protection, multiple- 
signal discrimination, a multipli- 
cation (mx+b) function and a 
DAC output. A Frequency 
Limits function suits them for 
spectrum-analysis application. 

Optional power-measurement 
circuitry offers resolution of 0.1 
dB from 1 GHz to the instru- 
ments’ limits. Frequency resolu- 
tion is 100 kHz in this mode. 

Model 575, $7600; Model 578, 
$8800. Optional DAC output, 
$300; power measurement, $700 
for the 575 and $1000 for the 
578. Extended frequency on the 
578, $4200. Frequency-exten- 
sion kit, $200; remote sensors, 
$500 (26.5 to 40 GHz), $2200 (40 
to 60 GHz), $2350 (60 to 90 GHz) 
and $2600 (90 to 110 GHz). 

EIP Microwave Inc, 2731 N 
First St, San Jose, CA 95134. 
Phone (408) 946-5700. 

Circle No 451 


Need to Know? 


EDN’s advertisers stand ready to 
provide you with helpful design in- 
formation and other data on their 
products. Just circle the appropri- 
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent, contact advertisers 
directly, and mention EDN. 


EDN: Everything Designers Need 
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New Products 


COMPUTERS & PERIPHERALS 


Control computer outlasts hardware faults 


An industrial-control computer 
providing nonstop, error-free 
operation even during a major 
hardware failure, the Series 300 
Can’t-Fail incorporates ad- 
vanced fault-tolerant technolo- 
gy. It serves real-time control 
and monitoring applications 
where computer failure could 
have serious or even catastroph- 
ic results. 

The computer comprises 
three control-computer modules 
(CCMs) based on the 16-bit 8086 
uP, process-interface modules 
and termination modules. Op- 
tional peripherals include disk- 
ette drives and CRT terminals. 

A Real-Time Task Scheduler 
(RTTS) operating system per- 
forms all software fault-toler- 


GRAPHICS 


interfering with the graphics 
application. The unit utilizes its 
manufacturers DSG/3000 and 
GRAPHICS/1000-II business-or- 
iented graphics software and is 
also compatible with other soft- 
ware packages, including 
Tektronix’s PLOT 10 for 4010/12 
display terminals. Terminal, 
$3750; optional integral thermal 
printer, $1210; $105 for line- 
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TERMINAL. The 
HP2623A features 512 x390-dot 
screen resolution and can draw 
vectors at rates to 9600 baud. 
Graphic and alphanumeric mem- 
ories are independent and 
prevent system messages from 


Employing advanced fault-tolerant 
technology to provide nonstop, error- 
free operation during a hardware failure, 
the Series 300 Can’t Fail computer 
serves real-time control and monitoring 
applications where a failure could cause 
serious or catastrophic results. 


drawing character set or nation- 
al-language and keyboard op- 
tions. Delivery, 12 wks ARO. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA. 
94304. Phone local office. 

Circle No 151 


SOFTWARE. A high-level pro- 
cedure-oriented system-imple- 
mentation language for the 
Z8000 pP, Z8000 PLZ/SYS is 
designed for construction of 
operating systems, compilers, 
database-management systems 
and other system software for 
the segmented Z8001 and 
unsegmented Z8002. It com- 
bines elements of the PASCAL, 
ALGOL, PL/1 and C languages, 
permitting expression of algo- 
rithms in a high-level, structured 
fashion. Programs written for the 
780 in Z80 PLZ/SYS can be 
easily transported to the Z8000 
via Z8000 PLZ/SYS. $700. Zilog 
Inc, 10340 Bubb Rd, Cupertino, 
CA 95014. Phone (408) 446- 
4666. Circle No 152 


ance functions and provides 
utilities and drivers. Control 
applications software is devel- 
oped as it is with a conventional 
control computer using a pC 
development system. 

The CCMs provide 23k bytes 
of memory, expandable to 1M 
bytes, in any mix of RAM, ROM 
and EPROM. Diskette-drive 
and CRT-terminal interfaces 
come standard. Additionally, 
the CCMs permit expansion 
using available Multibus-com- 
patible interface, communica- 
tions and controller boards. 
From <$50,000. 

August Systems Inc, 2757 
19th St Southeast, Salem, OR 
97302. Phone (800) 547-9168. 

Circle No 150 


ASSEMBLY-CODE TRANSLA- 
TOR. The XLT86 program trans- 
lator reads an assembly-lan- 
guage program compatible with 
ASM, MAC or RMAC assembler 
format and produces an output 
file of 8086-assembly-language 
statements acceptable to the 
ASM-86 assembler. Unlike code 
converters that translate one 
8080 instruction into as many as 
10 8086 instructions, the soft- 
ware performs extensive data- 
flow analysis to determine regis- 
ter usage throughout the original 
program. The information col- 
lected through analysis is then 
used during program translation 
to eliminate unnecessary flag 
save and restore operations. 
Programs the unit translates run 
on CP/M-86 and MP/M-86 16-bit 
single- and multiuser operating 
systems. CP/M version, $150; 
VAX version, $8000. Digital 
Research, Box 579, Pacific 
Grove, CA 93950. Phone (408) 
649-3896. TWX 910-360 5001. 

Circle No 153 


2lt 


rr 


COMPUTER-SYSTEM SUBASSEMBLIES 


New Products 


Evaluation/test system-design kit 
aids microcontroller implementation 


Data Cable Enc 


Your comprehensive 


Taking approximately 5 to 10 
hrs to assemble and test, the 
SDK-51 system-design kit con- 
tains hardware and software for 
building an evaluation/prototyp- 
ing tool for its manufacturer’s 
MCS-51 microcontroller family. 

A standard keyboard and 
display provide full user access 
to all system capabilities. The 
keyboard interface features a 
Ol-character ASCII subset, 
typewriter format and a 12-key 
matrix, and the LED panel 
displays as many as 24 alphanu- 
meric characters. The kit sup- 
plies 1k bytes of RAM and 
includes provision for an addi- 
tional 15k bytes of on-board 


' 
A monitor package, single-line assem- 
bler/disassembler, ASCII keyboard 
and LED display combine in the 
SDK-51, a system-design kit for compo- 
nent evaluation and design testing. 


RAM as well as 8k of ROM. 

A monitor package furnishes 
system utilities such as com- 
mand interpretation, user pro- 


guide to quality CYC p 


gram debugging and interface 
control. Users enter software 
code with a subset of the 
MCS-51 assembler. 

A single-line assembler per- 
mits program entry in assembly 
language from the keyboard, 
and a disassembler permits 
review of mnemonic instructions 
during system interrogation. Its 
Single-step capability proves 
useful in code verification and 
debugging, as do hardware 
breakpoints. $950. Delivery, 4 
to 6 wks ARO. 

Intel Corp, 5200 NE Elam 
Young Parkway, Hillsboro, OR 
97123. Phone (503) 640-7792. 
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manufactured by Alpha and available everywhere. Rely on it. 


mation systems, the Al 


If you buy, design, or install computer and infor- 


on your desk right now. 


pha Data Cable Catalogshouldbe — DATACABL 


FOR COMPUTER & # 


FORMATION SYSTEMS 


Whether you're involved in communications inter- 
face, network cabling, original equipment design, data 
entry and display, or computer peripheral interconnects 
you'll find all the products you need— presented clearly 
described fully, and backed by solid technical information. 

Within its 60 pages are complete specs on coaxial 
and twinaxial cable, in-house and remote transmission 
cable, shielded and unshielded cable, IEEE interface bus 
Cable, IDC systems and more. All items are manufactured 
fo meet necessary certifications, and all are in stock. 
Which means your local Alpha distributor can put the 
cable in your hands wherever and whenever you need it. 

send for your Alpha data cable “encyclopedia” 

today. Just contact Alpha. In the U.S.A, it's Alpha Wire 
Corporation, PO. Box 711, Elizabeth, NJ, 07207, 
(201) 925-8000. In Europe, it’s Alpha Wire Limited, Alpha 
House, N. Feltham Trading Estate, N. Feltham, Middlesex, 
UK (01) 751-0261. Or contact your local Alpha distributor 
He's not far away. 


‘alpha 


We've got your data cable 
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COMPUTER-SYSTEM 
SUBASSEMBLIES 


A/D-CONVERTER BOARD. The 


TDC1025E1C 8-bit unit accepts 
analog input signals with a 
20-MHz bandwidth and supplies 
the corresponding 8-bit digital 
output. Both the Convert signal 
and 8-bit binary outputs are 
buffered single-ended ECL. The 
100x160-mm board obtains its 
75M-samples/sec performance 
from a monolithic triple-diffused 
flash A/D converter. Full-scale 
analog input ranges of 1 to 10V 
are selectable by means of 
on-board resistors, providing 
input impedances of 500 to 1 
kQ. Offset adjustments are 
provided for unipolar or bipolar 
inputs. $1360. TRW/LSI Prod- 
ucts, Box 2472, La Jolla, CA 
92038. Phone (714) 578-5990. 
TLX 697957. Circle No 145 


DMA INTERFACE. The 
GPIB11V-2 DMA interface be- 
tween the IEEE-488 bus and the 
DEC LSI-11 Q-bus_ provides 
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New Products 


data-transfer speeds to 250k 
bytes/sec. Permitting 16-, 18- or 
22-bit addressing on the LSI-11 
bus, it furnishes all GPIB 
functions, including extended 
talker, extended listener and 
controller. The interface allows 
the LSI-11 to connect to as many 
as 14 GPIB-compatible devices 
and works in a_single- or 
multiple-controller environment 
with a programmable system- 
controller feature. Support soft- 
ware includes drivers, utilities 
and an interactive control pro- 
gram. The standard software 
package supports BASIC-, 
FORTRAN- and MACRO-calla- 
ble subroutines under RT-11 and 
RSX-11 operating systems. 
$1495, including interface card, 
software, a 4m cable with GPIB 
connector and documentation. 
National Instruments, 8900 
Shoal Creek Blvd, Austin, TX 
78758. Phone (512) 454-3526. 

Circle No 146 


GRAPHICS VIDEO BOARD. A 
single-board Multibus-compati- 
ble unit that provides 512x512- 
pixel resolution and permits the 
mixing of graphics and alphanu- 
merics, the M-2000 video-con- 
troller board features full 20-bit 
addressing capability. An on- 
board high-speed (5-MHz) »P 
controls all board functions, 
including scrolling, drawing lines 
and boxes, displaying intermixed 


- text and graphics and setting the 


on-board time and date clock. 
Also provided are software 
selection of three character sizes 
and point-by-point dot display. 
$995. Metacomp Inc, 7290 
Engineer Rd, Suite F, San 
Diego, CA 92111. Phone (714) 
278-0635. Circle No 147 


Remote control multiple func- 
tion circuit selection and step 
switching, in a limited space, 
under severe operating and 
environmental conditions. These 
are the critical benefits you get 
from Ledex circuit selectors. 
Rotary solenoid actuated, 
open construction models: 


Switch — to 5A @ 115 VAC 
to 10 A @ 28 VDC 

26 stock models — 
4-24 positions 
1-13 poles 


Single pulse, or self-index to any 
position. Uni- or bi-directional 
action. _ 

Open frame, packaged, and 
hermetically sealed units avail- 
able from stock. Custom assem- 
blies also available for prototype 
and production requirements. 


Ledex Inc.., 
PO. Box 427, 


Vandalia, Ohio 453/77. 
Phone: 513-898-3621. 


Leos 
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COMPUTER-SYSTEM 
SUBASSEMBLIES 


ANALOG INPUT SYSTEM. The 
wide-range isolated Model 
LDT2765 features four differen- 
tial input channels that withstand 
+250V common-mode voltages 
and support a 60-Hz CMRR of 


Make Impossible 
Measurements Easy... 
with Unprecedented Accuracy 


en ge Only the 


3100 makes otherwise 
impossible measurements quickly 
and easily. It calculates a unique combination 
of different parameters, with state-of-the-art accuracy, and under 
measurement conditions where other instruments simply do not work. 

Use the 3100 on continuous and burst Signals. Measure transfer functions. Analyze signals, 
networks, and components. In ATE, use it in manufacturing and quality testing of transformers, 
chokes, servos, filters, sonar and communications equipment, and many other applications. 

In stand-alone, or IEEE-488 mode, the 3100 quickly and easily calculates (where appli- 
cable) fundamental, total, harmonics to the 14th, for all of the following: 


PHASE ANGLE VRMS (OR 1) VA PF 

HARMONIC PHASE ANGLE RATIOS: RMS & COMPLEX VARS GROUP DELAY 

THD IMPEDANCE, ADMITTANCE REAL POWER FREQUENCY 
SPECIFICATIONS: FEATURES: 


e Accuracy: + 0.1%, +.03 degrees. 

e Frequency Range: 1 Hz to 500 kHz. 

e Dynamic Range: 70 dB in any range, 
120 dB between channels. 


e Programmable Sampling: 16, 64, 256 
samples /measurement. 

¢ Programmable Averaging: 
1, 16, 64 measurements/reading. 


e Harmonics: Any combination to the 14th. e Trigger Choices: Internal, external. 
¢ Input Channels: Two, with 12 full scale e Frequency Reference: Internal, external. 
ranges from 1 mV to 300V, plus e Printer: 20 column, front panel control. 
autoranging. ¢ Communications: RS-232C. IEEE-488 
optional. 


The remarkable 3100 — only from Dranetz, where we make impossible measurements easy. 
For more details, request 12-page bulletin 3100. 


) | DRANETZ ENGINEERING LABORATORIES, INC. 
DRANIE TZ | 1000 new oumam ka., Edison, Ni 0881, 
(201) 287-3680 TWX: 710-997-9553 


CIRCLE NO 86 


220 


126 dB. It functions with the 
manufacturer's Lab-Datax LSI- 
11-based data-acquisition sys- 
tems. An optional panel-mount- 
ed ambient-temperature com- 
pensation circuit provides 
thermocouple _ cold-junction- 
compensation capabilities. The 
companion LDT2775 _ isolated 
input expander features eight 
isolated differential input chan- 
nels. As many as seven expand- 
ers Can augment each LDT2765 
for a total 60 isolated channels. 
LDT2765, $965; LDT2775, 
$720, including front panels. 
Data Translation, 100 Locke Dr, 
Marlboro, MA 01752. Phone 
(617) 481-3700. Circle No 148 
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MEMORY SYSTEM. Using array 
boards mounting 288 64k dy- 
namic-RAM chips, MMS3000 
accommodates as much as 32M 
bytes of memory. The standard 
package includes a card cage, 
power-supply module, interface 
card, mother board, address- 
control card, error-correction 
card, two terminator boards, 
interconnect cables and 2M 
bytes of RAM. A 64M-bytes/sec 
data-transfer rate can be estab- 
lished through use of parallel 
read with sequential addressing. 
At the memory-bus level, the 
System exhibits an access time 
of 350 nsec with error correction, 
275 nsec without. $30,700 for 
basic system; additional 2M-byte 
card, $16,800. Motorola Semi- 
conductor Products Inc, 3501 
Ed Bluestein Blvd, Austin, TX 
78721. Phone (512) 928-6776. 

Circle No 149 
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Operating at a 1-MHz clock rate, 
the ADC-5212 resolves an 
analog input (+10V max) to a 
corresponding digital output in 
just 13 psec. A 12-bit succes- 
sive-approximation hybrid de- 
sign, it limits nonlinearity to 
+YV¥2 LSB. 

At 25°C, converter absolute- 
accuracy error specs at +0.05% 
FSR and is guaranteed not to 
exceed +10 ppm/°C over tem 
perature. Two versions are 
available: a commercial type 
that operates over 0 to 70°C and 
a military model, processed to 
MIL-STD-883 method 50388. 

Pin compatible with similar 
parts from Micro Networks and 
Analog Devices, the ~5212 is 
housed in an industry-standard 
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HYBRID TRANSCEIVER. For 
use in automatic test equipment 
requiring a variable transmitter 
output, the BUS-8559 is housed 
ina 1.4x0.8x0.2-in. 24-pin DIP 
and weighs 0.4 oz. Meeting 
MIL-STD-1553A and -B, it oper- 
ates over —55 to +125°C and 
from +12 to +15V and +5V 
power supplies. Its transmitter 
section accepts biphase TTL 
data at the input and produces a 
0 to 27V (nominal) p-p differenti- 
al signal across a 145. load. 
The module can be coupled to 
the data bus with the manufac- 
turer's BUS-25679 transformer. 
$325. Delivery, 4 to 8 wks ARO. 
ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. TWX 
510-228-7324. Circle No 155 
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ADC achieves high-speed conversion 


Aimed at high-speed applications, the ADC-5212 A/D converter features a 13-ysec 
conversion time. it provides a +0.05% absolute-accuracy error at 25°C and comes in 


commercial and imilitary versions. 


24-pin DIP and operates from 5 
and +15V supplies. 

$190 to $485. Delivery (pro- 
duction qty), stock to 8 wks. 


Intech Inc/Microcircuits Div, 
2270 Martin Ave, Santa Clara, 
CA 95050. Phone (408) 727- 
0500. Circle No 154 


CONNECTORS. Designed to 
terminate 0.050 - in. ~ center 
round-conductor flat cable and 
mate with 0.062-in.-thick pc 
boards with pads on 0.1-in. 
centers, Edge-Card Il connec- 
tors come in 11 sizes with 10 to 
64 positions. Bifurcated contacts 
permit redundant connection to 
the pc board, and 0.013-in.-thick 
beryllium-copper contacts main- 
tain spring characteristics and 
high normal force after repeated 
insertion and withdrawal. The 
units come in three styles: with 
mounting ears, with mounting 
slots and without mounting ears. 
Du Pont Berg Electronics Div, 
Rte 83, New Cumberland, PA 
17070. Phone (717) 780-2044. 

Circle No 156 


CONNECTOR. This socket- 
header eliminator (SHE) connec- 
tor features a footprint identical 
to that of standard 0.1x0.1-in. 
headers and suits applications 
not requiring the mateability 
benefits of headers and sockets. 
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For 50-4m flat ribbon cable, it 


COMPONENTS & PACKAGING 


comes in nine sizes with 10 to 60 | 


contacts. Positive connection 
between the U contact and 
28-gauge stranded or 30-gauge 
solid round conductors is en- 
sured by a double-action slot 
design utilizing two cutting 
surfaces. Insulation surviving 
the first cut is displaced by the 
second cutting edge, with a 
gas-tight connection formed by 
subsequent abrasion of the 
conductor by the slot. Gold-over- 
nickel plated contact areas are 
provided. $4.12 for 34-position 
unit. Belden Corp, 2000 S 
Batavia Ave, Geneva, IL 60134. 
Phone (312) 565-1200. 

Circle No 157 
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DIRECTIONAL COUPLERS. 
For use as taps or feeds in 
multiterminal local networks, 
multiplexing and other applica- 
tions, these 3- and 4-port optical 
directional couplers accommo- 
date digital and analog transmis- 
sion. They permit full-duplex 
Operation over one fiber and 


-PHALO/O.s. 


CODI’s Voltage Regulator Diodes 
Do the Job...Where Others Can’t 


CODI's Voltage Regulation Diodes offer voltages from 3.3V to 10V 
and are designed for applications where ordinary zeners can't provide 
the required combination of low noise, low leakage, sharp knee, low 
dynamic impedance, and reliability. Among these applications are ultra- 
Stable regulators, low ripple series regulators, Op Amp regulators, wave 
shaping, and comparator references. 

This CODI series of diodes from IN5518B to IN5530B is available in 
JAN, JANTX and JANTXV versions providing up to 10V where MIL re- 
liability is required. All diodes are Supplied in hermetically-sealed DO-7 
glass packages. Higher voltage units are available on special request. 

To find out how COD! Voltage Regulator Diodes can solve your circuit 
problems, call Joe La Bruna, CODI semiconductor, Inc., 350 Hurst 
Street, Linden, N.J. 07036: telephone: 201-862-8484: telex: 844796. 
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CODI semiconpuctor INc. 
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exhibit low insertion loss, high 
directivity and passive operation, 
according to the manufacturer. 
Available with Corning SDF fiber 
and a variety of graded-index 
fibers, the 1x4%x3%-in. units 
feature a broad range of splitting 
ratios and can operate at all 
Standard transmission wave- 
lengths. <$200 ( OEM qty). 
Phaio Optical Systems Div, 
9240 Deering Ave, Chatsworth, 
CA 91311. Phone (213) 998- 
SIZ 7, Circle No 158 


LATCHING RELAY. Featuring 
bifurcated cross-bar contacts 
and a card-lift-off operating 
system, the polarized Model 
BZB incorporates flux-free con- 
Struction and dual-in-line pitch 
terminals. Equipped with gold- 
overlay silver-palladium station- 
ary contacts and silver-palladi- 
um movable ones, it has a life 
expectancy of five million me- 
chanical operations and one 
million electrical operations. 
Contact arrangements are 4pat 
(B-M), dpdt (B-M) and dpadt 
(M-B). Maximum current flow 
equals 2A; at resistive load the 
maximum switching power 
equals SOW; maximum switching 
voltage, 60V dc; and maximum 
Switching current, 2A dc. De- 
Signed for direct pc-board 
mounting on a 0.1-in. grid 
Spacing, the relay operates over 
—30 to +80°C. 4pdt unit, $7.75 
(1000). Delivery, 8 to 10 wks 
ARO. ITT Components, Box 
2197, Santa Ana, CA 92707. 
Phone (714) 751-3900. 

Circle No 159 
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New Products 


INSTRUMENTATION & POWER SOURCES 


Claimed the smallest, lightest 
and least expensive 100W 4-out- 
put switchers available, Series 
4100 supplies suit pC-system, 
CRT-terminal, disk-drive and 
modem applications. 

Mounted on a pe board, the 
switchers furnish rated output 
over a 0 to 40°C ambient-tem- 
perature range with 2%/°C de- 
rating to 71°C. 

The four models in the series 
provide the following ratings: 

@e +5Vat10A, +12V at1.5A 

and —5V at 1A 

@ +5Vat10A, +15V at 1.5A 

and —5V at 1A 

@ +5V at 10A, +12V at 2A 

and —5V at 1A 


HANOVER FAIR 


Presents the World’s Electronics/Electrical 
and Lighting Technology 


Each year in April, Hanover hosts the biggest industrial 
fair in the world. Over 600,000 visitors from 118 different 
countries attend to review the world’s industrial 


82. 


Small size (4x8x1.7 in.) and light 
weight (24 oz) highlight 4100 Series 
switchers. The $159 4-output supplies 
deliver 100W outputs from 85 to 130 or 
170 to 250V ac inputs. 


@e +5V at 10A, +15V at 2A 
and —5V at 1A. 
Pin-strappable inputs allow 
the supplies to operate on 85 to 
130 or 170 to 250V (47 to 440 Hz) 
voltage ranges. And Schottky 
rectifiers combined with a half- 


Ra 


technology. 


Hanover, West Germany 
April 21-28, 1982 


Quad-output 100W switcher series 
features small size, low cost 


bridge configuration give them 
70% min efficiency and ripple 
and noise specs of 50 mV p-p, 15 
mV rms. 

Other specs include +0.1% 
line regulation, load regulation 
of +0.2% for the primary output 
and +1% for the other outputs, 
a 0.02%/°C TC, and standard 
current limiting, soft starting, 
15A max input surge current 
and convection cooling. 

The 24-oz supplies measure 
4X8x1.7 in. and furnish a 
30,000-hr min MTBF, per MIL- 
HDBK-217B. $159. 

Power General, 152 Will Dr, 
Canton, MA 02021. Phone 
(617) 828-6216. Circle No 128 


If you are a professional and need to remain abreast of 
worldwide developments in 


our field or want to buy 


Messen: the best equipment available, Hanover Fair 82 is a 
"NOF must. It will be the most comprehensive presentation of 
4 —_electronic/electrical components and pled 

= materials and services ever presented at one location, 


including the world’s largest exhibit of lighting products. 
Make plans now 


“N¥'s ¥* 


CALL TOLL FREE (800) 526-5978 


HANOVER FAIRS 


INFORMATION CENTER 
P.O. Box 338, Whitehouse, New Jersey 08888 
Telephone: N.J. (201) 534-9044 Telex 833493 
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INSTRUMENTATION 
& POWER SOURCES 


EMULATOR/LOGIC ANALYZ- 
ER. Model 4009 combines 
features of a real-time 68B09/E 
emulator and a 12/20-MHz, 
18-channel logic analyzer. Its 
menu-oriented display allows a 


Placing Series RL1328/1329 
Renco common mode chokes at the 
inputs of electrical equipment or 
circuits is by far the lowest-cost 
way to meet US and international 
requirements for safety and 
suppression of feedback EMI. They 
are available in such an 
elephantine range of current 
ratings (up to 35 amps) and 
inductances (6.8 microhenries to 39 
millinenries) that it’s difficult to 
imagine an application that cannot 
use one of our standard chokes. 

(If you have one, however, we'll be 
glad to make up custom chokes 
for you.) 


Common Modes 
Choke off EMI 
for peanuts. 


RENCO ELECTRONICS, INC. 


25 years of excellence in coil winding. 


CIRCLE NO 89 


user to disassemble a program 
in mnemonic forrn. A terminal or 


<r 


Our chokes range in price from 
$2.13 to $3.10 per 1,000-stock, are 
extremely compact, have low 
profiles, (as small as 0.657”H, 
1.312”W, 1.687”D), and are very 
Easy to mount on pc boards. They 
offer 5,000 volts dielectric isolation, 
and meet UL, CSA, and VDE 
specifications. Windings are 
balanced to within 1%. MIL spec 
and encapsulation available. We 
design and manufacture in the USA 
and ship world-wide. 

Call or write Bruce Rensing, 
Renco Electronics, Inc., 60 Jefryn 
Boulevard East, Deer Park, 

NY 11729. 516/586-5566. 


host computer can control the 
unit through three general- 
purpose communication ports: 
two RS-232C communication 
cards and one cassette interface 
are provided. GPIB and Centron- 
ics printer-interface communica- 
tion cards are optional. Other 
features include four break 
events (40-bit-wide trigger condi- 
tions) and a real-time, 2k x 56-bit 
trace memory, configured so 
that the operator can examine 
the trace while in emulation. 
$4995. Advanced Digital Tech- 
nology Inc, 13400 Northrup 


Way, Bldg 15, Bellevue, WA 
98005. Phone (206) 643-2382. 
Circle No 129 


SYSTEM POWER SUPPLY. An 
IEEE-488 dc power supply with 
a bidirectional interface and 
autoranging for systems applica- 
tions, HP 6034A combines an 
internal «P-based HP-IB pro- 
grammer with FET switching 
technology to provide laborato- 
ry-grade performance specs and 
autoranging capability. Its firm- 
ware permits programming of 
the output voltage and current 
directly in volts and amps with 
12-bit resolution. The unit also 
provides remote output voltage 
and current metering over the 
bus with 15-mV and 2.5-mA 
resolution, respectively. An over- 
voltage-protection circuit can be 
directly programmed in volts with 
8-bit resolution. Other features 
include built-in diagnostics and a 
removable front panel for access 
to the calibration board. $2700. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304. Phone local office. 
Circle No 130 
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New Products 


INSTRUMENTATION 
& POWER SOURCES 


250W SWITCHERS. 5F Series 
open-frame dc units feature a 
dual input range of 90 to 132 and 
180 to 264V ac and 16-msec 
input carryover. Ripple and 
noise equal 40 and 75 mV p-p 
max typ, respectively, at full 
load. Line and load regulation 
spec at 0.15% for all outputs 
except the 24V output of the 
S-Output Model 5FXMP, where 
they equal 8%. Overvoltage 
protection, foldback current limit- 
ing, remote sensing, output- 
voltage adjustment, enable/in- 
hibit function and LED status 
indicators for each dc output are 
provided. From $249 for single- 
Output units; from $379 for 
multiple-output models. Deliv- 
ery, 6 to 8 wks ARO. Sierracin/ 
Power Systems, 20500 
Plummer St, Chatsworth, CA 
91311. Phone (213) 998-9873. 

Circle No 131 


IN-CIRCUIT TEST SYSTEM. 
Including a high-speed Nova 4X 
minicomputer with 128k words of 
MOS memory and an enhanced 
test executive, Series 30/3038 
test system provides automatic 
test-program-generation soft- 
ware that offers near-total-fault- 
detection production programs. 
Features include advanced test 
algorithms, an LSI debugger, 
QA-check program and pin-to- 
node identifier. The software 
package includes the PIN- 
CHECK program, which verifies 
complete interconnection be- 
tween the test fixture and the 
board under test. It is executed 
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before each board test begins, 
identifies pins not contacting the 
board and halts the test se- 
quence to permit corrections. 
Typical system, $180,000; fore- 
ground/background program- 
ming option, $4100. Fairchild 
Corp Subassembly Test Sys- 
tems, 299 Old Niskayuna Rad, 
Latham, NY 12110. Phone (415) 
962-3533. Circle No 132 


POWER ANALYZER. Model 
636 multifunction power analyz- 
er measures ac voltage, current 
and time. Using those measure- 
ments, it can calculate and 
display watts, watt-hours, VARs, 
VAR-hours, volt-amps, phase 
angle, power factor and frequen- 
cy. Features include high resolu- 
tion and true-rms measurements 
with crest factors of 3 for current 
and 2 for voltage. $5670. 
Delivery, 6 to 8 wks ARO. RFL 
Industries, Powerville Rd, 
Boonton, NJ 07005. Phone 
(201) 334-3100. Circle No 133 


OPEN-FRAME SUPPLIES. With 
a shielded transformer, socketed 
semiconductors, dual ac input, 
barrier-block terminals and an 
MTBF to 100,000 hrs, HVQ 
Series single-output linear units 
achieve current ratings to 3A. 
Input ratings equal 105 to 125 or 
210 to 250V, 47 to 440 Hz; 
Outputs include 5V/3A, 12V/ 
1.7A, 15V/1.5A and 24V/1.2A, 
adjustable +5%. Line and load 
regulation equal 0.1%. Ripple 
and noise spec at 1.0 mV rms, 5 
mV p-p. Remote sensing and 
reverse voltage protection come 
standard. $21. Deltron Inc, Box 
1369, North Wales, PA 19454. 
Phone (215) 699-9261. TWX 
510-661-8061. Circle No 134 


PACKAGED 


Ea i 7 
ACTUAL SIZE od 


DISCARD 


YOUR 
FILTERS! 


NEW 24 PIN DIP 


DC/DC CONVERTER 
WITH INTERNAL 
INPUT FILTER 


¢ Power to One Watt 
¢ Inputs: 5V or 12V DC 
¢ Outputs: 5V, 12V, 15V, 
+12V or =15V DC 
¢ Wide Input Voltage Range 
¢ Regulated Outputs 
¢ Input/Output Isolation 
¢ Low Ripple and Noise 
¢ 100 Piece Price from $30.45 


TWO-YEAR 
WARRANTY 


THREE-DAY 
DELIVERY 


Find us in: 
EEM * GOLD BOOK ¢ DEM 


€2Power Products 


Division of Computer Products, Inc. 
2801 GATEWAY DRIVE, 
POMPANO BEACH, FLORIDA 33060 


(305) 974-2442 
TWX 510-956-3098 


CIRCLE NO 90 
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New Products ICs & SEMICONDUCTORS 


Low-cost speech-synthesizer IC 
speaks in as many as five languages 


coger 


REE Se 3 


reconstructs the message. 
Based on the techniques 
developed by Dr Forrest Mozer, 


Controller (CRC) voice-synthe- algorithms convert the original 
0 human speech into digital data 


sizer IC into its design. It could ne 
th ke it an assortment of Voice output occurs when the Custom to vield approximately 1k bits 
Ee ePes a ee ROM Controller (CRC) IC decodes a y Pp y 

English vocabularies, including 6-bit data word, fetches the digital per speech-second. Thus, be- 
one for calculators (24 words) equivalent from memory and recon- cayse the CRC can directly 
l tandard (64 ds), ASCII Structs the desired word(s). The dd to 32k-b te 
plus standard (64 words ’ : resulting robotic-sounding words are adaress up to -byte-w 
(64 words) and 119-word basic easily concatenated without conflicting ROMs, you can generate approx- 


You can now give your product 
some “say so” in its usage by 
incorporating a Custom ROM 


sets. The calculator voice is also _ inflections. imately 30 sec max of speech (64 
available in Arabic, French, sec max with extra decoding). 
German and Japanese. The CRC performs two func- The CRC voice-synthesizer IC 


When the CRC combines with tions: It’s a speech synthesizer costs $65 at the sample level or 
the vocabulary RAM, a simple and a speech-data controller. In approximately $20 (5000). 


passive filter and an op amp, the a typical application, you input a Telesensory Speech Sys- 
resulting speech is an emotion- 6-bit data word to it. It then tems, 3408 Hillview Ave, Palo 
less, nonhuman-like robotic retrieves the corresponding Alto, CA 94304. Phone (415) 
sound. word(s) from memory and 856-8255. Circle No 125 
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New Products 


ICs & SEMI- 
CONDUCTORS 


12-BIT DAC. A self-contained 
hybrid unit, DAC 1280A provides 
feedback. resistors, output op 
amp and reference on three 
dice. Output current equals 0 to 
2 mA, and settling time to 
full-scale accuracy equals 300 
nsec in Current mode and 2.5 
wsec in Voltage mode. Power 
dissipation in either mode specs 
at 500 mW. Internally supplied 
resistor options provide low-drift 
bipolar output-voltage ranges of 
+2.5, +5 and +10V and 
unipolar ranges of 0 to 5 or 0 to 
10V. $22.95 (100) in 24-pin DIP. 
- National Semiconductor, 2900 
Semiconductor Dr, Santa Clara, 
CA 95051. Phone (408) 737- 
5000. TWX 910-339-9240. 


Circle No 126 


lithic pulse-width modulator for 
dc motor control, the SG1731 
provides bidirectional pulse-train 
Output in response to the 
magnitude and polarity of analog 
input signals. It features exter- 
nally programmable deadbands 
to control power consumption, 
Stiffness and stability and an 
internal amp. Its triangle-wave- 
form oscillator requires only one 
external capacitor to set fre- 
quency as high as 350 kHz; a 
summing/scaling network per- 
mits level-shifting the triangle 
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MONOLITHIC PWM. A mono- 


waveform for pulse-width modu- 
lation. Supply voltage to the 
Output drivers can come from 
dual positive and negative 
supplies or from single-ended 
ones. Output voltage equals 
+35V; supply-voltage range 
specs at +3.5 to +15V. The 
SG1731 operates over —55 to 


+125°C; the SG2731, —25 to 
+85°C; the SG3731, 0 to 70°C. 


SG3731J, $7 (1000) in a 16-pin 
Cerdip. Delivery, 10 wks ARO. 


Silicon General Inc, 11651 
Monarch St, Garden Grove, CA 
92641. Phone (714) 892-5531. 
TLX 692411. TWX: 910-596- 
1804. Circle No 127 


The Hecon with 


the Hopper. 


The Hecon A0542 impact dot matrix ticket printer with hopper 
feed. Load up to 75 tickets in the easily accessible hopper. 
When you are ready to print, the A0542 automatically feeds, 
prints and transports the ticket for removal. You can even 
reinsert a ticket for additional printing thru the unique reprint 


feed slot. 


The highly visible Time and Date feature is standard and can 
be printed with a single command. 


The A0542 can print the 96 character ASCII set bidirectionally 
at 120 characters per second. The standard print head is 
rated at 200 Million characters minimum for long, dependable 


Service. 


It’s got to be good. It's a Hecon. HE} | | 
HECON 


Hecon Corporation, 31 Park Road, Tinton Falls, NJ 07724 


CIRCLE NO 92 


e (201) 542-9200 
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A Question of Law 


Be sure of a device’s patent status 
before incorporating the part in a design 


David Pressman, Attorney at Law 
San Francisco, CA 


If you want to incorporate a competitor’s circuit into 
your design, can you do so without being sued? How 
can you determine a product’s patent status and 
whether you can copy the product without liability? 

That the circuit or device doesn’t appear to be 
patented provides no guarantee of safety: It could be 
the subject of a pending—and secret—patent appli- 
cation. However, several rules and guidelines can 
help you determine a device’s patent status and if it’s 
relatively safe to manufacture. Thus, this second 
article in a 3-part series on aspects of patent law 
focuses on the procedures involved in obtaining 
clearance for copying a manufactured product. 

First, remember that patent professionals do not 
consider it immoral or unethical to copy any circuit or 
device not patented or on which the patent has 
expired. The patent laws’ purpose is to disseminate 
new developements to the public by inducing inven- 
tors to reveal the details of their inventions with the 
promise of a limited-term monopoly. Once a patent 
expires, therefore, the public is free to use the 
patent specifications to make and use formerly 
patented devices. 

Thus, if the circuit or device you’re interested in is 
not currently patented, the patent probably has 
expired and it’s in the public domain. And by copying 
it you’re doing just what the law intended: using and 
building upon the knowledge disseminated by a 
patented invention. 


Unpatented device open to copying 


Even if the circuit was never patented, you're still 
within your rights in copying it. By producing a 
commercial product without patenting it, the inven- 
tor (or the inventor’s company) has, in effect, said: “I 
don’t want a monopoly on this product; anyone 
interested in it is free to use it, provided that he 
takes the trouble to reverse-engineer the device.” 

Next, remember that the law prohibits you from 
copying any nonfunctional aspects of an unpatented 


a 
© 1981 by David Pressman 


product, such as its novel shape, color or design. 
These aspects could be considered a trademark or 
the equivalent of a trademark. And nonfunctional 
features not serving as a trademark are often 
protected under the law of unfair competition (EDN, 
July 22, pg 390). 

The law i in this area, though, is currently in a sae 


_ of flux, so it’s impossible to offer definitive rules or 


guidelines. Generally, however, you'll be safe if you 
make your equipment’s exterior design (shape, color 
and other nonfunctional features) sufficiently differ- 
ent so it won’t be confused with your competitors’. 

You can see that although it’s morally and legally 
permissible to copy an unpatented device in public 
use, determining a product’s patent status is not 
always easy. 

The first step is to examine the circuit’s or device’s 
enclosure, instruction manual, advertising literature 
and package to see if they contain any indication of 
patent status. (A patent owner or applicant, though, 
has no legal obligation to label a product with this 
information.) In this regard, every invention has 
three possible patent statuses: patent pending, 
patent in force and patent expired. 


“Patent pending” confers no rights 


If the circuit is marked “patent pending” or 
“patent applied for,” it means that a patent applica- 
tion has been filed in the Patent and Trademark 
Office but no patent has yet been issued (or the 
application hasn’t yet been abandoned if the device is 
found unpatentable). But note that a patent applica- 
tion and patent-pending status confer no rights; 
technically you're free to make and sell any invention 
whose patent is pending. You’d be unwise to do SO, 
though, because a patent might eventually be issued 
and you’d then infringe it. 

You're not relegated, however, to copying at your 
peril with a patent-pending invention. If you're 
interested enough in it, you can make a Patent Office 
patentability search and obtain a patent attorney’s 
opinion to determine whether the invention is 
patentable. If so, its owner will likely obtain a 
patent; in this case, then, don’t waste your capital 
tooling up because you'll likely be charged with 
infringement once the patent issues. 

But if you discover that the invention is old and not 
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A Question of Law 


covered by an in-force patent, youre free to use it. In 
this case, you’ll merely be practicing the “prior art,” 
and the patent application’s owner won't be able to 
obtain a valid patent on his invention. 

One word of caution: Patent law isn’t always black 
and white, so you should consult a patent attorney 
before you copy a product to make sure you haven't 
missed any important points. 


Name search can determine patent’s status 


If the invention of interest simply carries the label 
“patented,” you can’t be sure whether it’s covered by 
an in-force patent—one issued within the past 17 
yrs—or by an expired patent that places the device 
in the public domain. 

An invention in use for approximately 21 yrs (17 
yrs for its patent term, plus about 4 yrs comprising 
the l-yr grace period between first commercial use 
and a patent application and the patent-pending 
period) can almost certainly be manufactured with 
impunity. If you can’t be sure, however, that the 
invention has been publicly available for 21 yrs, you 
can have a patentability or name search conducted in 
the Patent Office to determine the exact status. 

A name search pulls all the patents issued in the 
name of the company manufacturing the product (or 
its inventor, if you know his identity). This proce- 
dure is not generally recommended, though: There 
could be simply too many patents issued in the 
company’s name to make an identification practical, 
or the patent you’re interested in might not be issued 
in the manufacturing company’s name at all. 

If there’s no patent marking on the device or its 
housing or packaging (as is frequently the case), and 
it hasn’t been publicly available for 21 yrs, you run a 
definite risk if you copy or manufacture it—it could 
be covered by an in-force or pending patent. In this 
case, then, follow the aforementioned procedures 
outlined for a patent-pending invention. 


Trying to break a patent is not immoral 

If an in-force patent covers the circuit or device 
you want to manufacture and it can’t be designed 
around, only three courses of action remain: break- 
ing the patent, a “damn the torpedoes” approach or 
obtaining a license. 

You can try to break the patent by making an 
extended validity search and study of the Patent 
Office’s file on it. This process, however, requires an 
experienced patent attorney and could cost several 
thousand dollars. And although it’s been said that 
given enough money almost any patent can be 
broken, most patent attorneys would disagree. In 
fact, hundreds of patents are held valid every year 
after extended and extremely expensive court 
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challenges. It wouldn’t be a bad idea, though, to 
carefully study any patent you’re interested in and 
make a regular patentability search before consider- 
ing the alternatives previously noted; even a prelimi- 
nary study can point out potentially fatal flaws. 

As to the morality of seeking to break a patent, 
remember that a patent grants a valuable 17-yr 
monopoly. Thus, finding a good reason why the 
monopoly should not have been granted in the first 
place (the Patent Office makes mistakes like every- 
one else) constitutes a public service in helping to 
rescind an improperly granted monopoly. 

Under the patent-law amendments recently adopt- 
ed (EDN, June 24, pg 188), if you’ve found a good 
reason to challenge a patent, you can cite pertinent 
prior art to the Patent Office and have it placed in’ 
the patent’s file or even request that the Patent 
Office re-examine the patent. The re-examination fee 
runs $1500 plus attorney fees, but this sum is still far 
cheaper than a full-blown court test. 

As an alternative to trying to break the patent, 
you can go full speed ahead and “damn the torpe- 
does” by simply making and selling the patented 
invention and hope that the patent’s owner won't 
catch you. If caught, you can then try to break the 
patent or negotiate a license. This approach isn’t 
considered the most moral of positions, but it’s 
followed frequently in industry. And it’s adopted 
particularly with inventions not readily identifiable 
from an infringer’s product, such as electronic 
circuits or semiconductor devices, especially if they 
can be incorporated in an IC. 

If you do follow this approach, though, be sure to 
set aside a reserve fund equal to a reasonable patent 
royalty on the device you’re going to use—a sum 
usually 1 to 10% of its factory price, depending upon 
the invention’s value and importance to the final 
product. And be aware that if your infringement is 
discovered and you’re sued, the patent owner can 
obtain an injunction prohibiting you from further 
manufacture or sale of the device. He can also collect 
damages equal to reasonable royalties for the past 
use of his product. 


Asking for a license can be risky 

The third method of copying a patented invention 
is the most moral of all: Ask the patent owner for a 
license to make and sell the device. But unless you 
know he’s willing to license (eg, if he’s already 
granted licenses to others), this approach can be 
risky because he can refuse to grant a license or can 
offer one only on very expensive terms. Thus, by 
inquiring about a license, you could tip your hand 


needlessly and lose most of the possible advantages if | 


you decide to finally “damn the torpedoes.” 
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Most companies, however, are delighted to grant 
licenses on their patented inventions because they 
provide immediate extra income without risk or 
capital outlay. And the disadvantage of having you 
as an additional competitor is usually outweighed by 
the other considerable advantages of licensing; the 
company is probably already the market leader, and 
having a second source helps sales. 

Finally, if the circuit or device you want to copy 
carries a patent number (eg, “Patent Nr 4,205,483”), 
your course is simplified. Simply order the patent by 
number for $0.50 from the Patent Office, Washing- 
ton, DC 20231 or photocopy it in a Patent Depository 
Library—listed in the front of any current issue of 
the Official Gazette. 

When you get the patent, note its date of issue; if 
it’s more than 17 yrs old, the invention is now in the 
public domain. If not, you'll have to determine with 
the help of a patent attorney whether your circuit 
would infringe the patent’s claims. (See the next 
article in this series for guidance.) If your circuit 
would infringe, you’re left with one of the three 
alternatives just discussed. 


Don’t make your copy too literal 


If you find, happily, that you can copy a device 
with impunity, remember not to make your copy too 
literal. One manufacturer sent a device to the Orient 


e 3A Sensitive Gate TRIACS to be inexpensively copied—in quantity. It came 
3 to 25mA (IGT) back in huge quantities faithfully reproduced down 
e 6A TRIACS : to the last detail—including the competitor’s em- 
e 4A Sensitive Gate SCRs bossed trademark, which of course had to be 
2001, A and 1mA (IgT) obliterated at great expense before the device could 
e 7A SCRs be legally sold. EDN 


e 50 to 600V (Vopr) 
(Higher voltages on request) 


These highly reliable, her- 
metically sealed metal can 


TO-5-packaged Triacs and David Pressman, JD, BSEE, received the Juris Doctor 
SCRs are still available for degree from George Washington University and a 
immediate delivery in produc- BSEE from Penn State University. Formerly a field 
tion quantities from Hutson. engineer at Philco-Ford Corp, a patent examiner with 


the US Patent Office and a patent attorney for 
Philco-Ford, Elco Corp and Varian Associates, Press- 
man is currently in private practice specializing in 
patent law. 


Sensitive-gate logic Triacs 
have all-quadrant gating and 
are designed to be driven 
directly from ICs. These TO-5 
devices have been produced 
by Hutson for 15 years in 
hermetic packages designed 


for long-life applications JOB 
requiring high reliability. 


SHOPPING? 


Order today or 
call or write 
for samples. 


Check EDN’s Career Opportunities 


HUTSON INDUSTRIES EDN: Everything Designers Need 


P. O. Box 90 « Frisco, TX 75034 
(214) 377-2402 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Printers for all reasons. Dependable SP110/ 
SP210 dot matrix printers are ideal for many 
uses. For top quality printing of fanfold, pin- 
feed forms. (SP110 for roll paper and cut 
sheets, too.) SP110: Maximum form—3-part, 
9.5" wide, 90 CPS, bidirectional. SP210: Maxi- 
mum form—6- -part, 17” wide, 230 CPS, bidirec- 
tional. Both with 96-character ASCII ‘set, or 
optional sets. Low maintenance print heads 
and mechanisms, self-diagnostics, startup 
confidence test. Call or write Burroughs OEM 
Marketing, Burroughs Place, Detroit, MI 48232. 
(313) 972-8031. In Europe, Langwood: House, 
High Street, Rickmansworth, Hertfordshire, 
England. Phone Rickmansworth asl 70545. 
Dealer i inquiries invited. 


CIRCLE NO 96 


CUSTOM VIDEO TERMINALS. Our video terminal 
may be the solution to your custom video display 
requirement. They are available housed, in ASR, KSR, 
or-RO form, or in configurations suitable for use 
in your system. Special data formats and protocols 
are possible. We also have standard hardware to 
provide custom solutions for your non-display com- 
munications needs. Call today. 

ENTERPRISE SYSTEMS CORP., Box 643, Dover, NH 
03820. Phone 603-742-7363. 


CUSTOM VIDEO DISPLAY TERMINAL 
CIRCLE NO 99 


MICROPROCESSOR CONTROL SYSTEM 


Powerful 6802 processor card with up to 4K of 
2708/2716 type EPROM. 
Advanced bus system reduces I/O card costs. 


Standard off-the-shelf 12Vdc I/O cards for direct 
control of relays, indicators, etc. — 

Custom hardware design capability. 

Complete system design with applications firmware. 
10% discount on orders accepted during the Mid- 
Seas Computer Show, Washington, D.C. Sept. 


The Seal Organization, Inc. 
1230 Taylor Street, N.W. 
Washington, D.C. 20011 

(202) 726-8814 - 
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40 Character Alphanumeric LCD Module 


The AND1861 features 40 alphanumeric char- 
acters in a two row, twenty character per row 
format. Each 5x 7 dot matrix character is 
0.21’’ high. Below each character an additional 
row of dots has been provided for a cursor. 
Display drivers which store and update the 
dot information for all 40 characters are in- 
cluded in the dual PC ‘board design which 
measures a compact 5.59’’ x 1.85” x OST! 
Like all A.LN,D. LCD modules, only a single 
5 volt dc supply is required. Other features 
include wide 0 to 50 C operating tempera- 
ture range, low power consumption, and 
CMOS/TTL compatible interfaces. In addi- 
tion. character generator ROMs and refresh 
memory RAMs are also available from A.N.D. 
as accessory items. ; . 


\. 770 Airport Blvd., Burlingame, CA 94010 
AN Telephone: (415) 347-9916 
TWX 910-374-2353 or 910-375-2012” 
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MICRO PROCESSOR PROTECTION 

Three filtered 3-prong sockets and integral spike 
suppression protects micro processor and word 
processor installations. Patented socket isolation 
eliminates equipment interaction for error-free opera- 
tion. Also isolates and protects from damaging power 
line spikes and hash. 125 VAC, 15 A, 1875 W; 
2000 AMP Spike Suppressor. 


ISO-1 Each socket isolated..... acemeee we saees SOlD 
ISO-3 Each socket dual isolated . weeee ees $94.95 
VESPA ELECTRONIC SPECIALISTS, INC. 
~ DEPT. EDN 
171 S. Main St. 


Natick, MA 01760 
617-655-1532 
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High Voltage Diode-Anode Connector Assemblies 
Collmer Semiconductor can meet any need you may 
have for HV Diode assemblies, from 5KV to 30KV. 
High quality Fuji diodes are used exclusively. Quick 
response to your inquiry is assured with prompt 
delivery of production quantities. Wire type and 
length, anode cup and diode to your specification. 
Collmer Semiconductor, Inc. 

4100 McEwen Dr., Suite 244 

Dallas, TX 75234 
800-527-0251 TOLL FREE 
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To advertise in Product Mart, call Joanne Dorian, 212/ 949- 4445 
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80" 
a Ag | 


Single 


Board Computer 


6800 MPU, serial {/O, parallel 1/O, RAM, 
EROM, 44-pin 412” x 612” PCB 


EXPANSION MODULES 

RAM, ROM, CMOS RAM/baitery, analog 
1/O, serial 1/O, parallel 1/O. counter/ 
timer, 488 GPIB, EROM programmer, 
power fail detect/power on reset 


vv W \\ T E K lela 
\ 48% | Lafayette, IN 47904 


317-742-8428 
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- NON-VOLATILE MEMORY, | 
MULTIBUS™ COMPATIBLE 
Offering long-term unpowered data re- 
tention, the Model E4K EAROM Memory 
Board contains up to 4k bytes of elec- 
trically alterable ROM that allows either 
work or block erasure. Contents can be 
read with any 8080 memory read instruc- 
tion. Operating software listings are pro- 
vided. 1K: $395; 4K: $575. MultibusT™ 
Intel Corporation. 

SCHNEIDER INSTRUMENT COMPANY 


8115 Camargo, Cincinnati, OH 45243 
Phone (513) 561-6803 
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RACK MOUNT MULTIBUS™CAGES 

Now you can assemble Multibus systems for rack 
mounting applications with a minimum of mechan- 
ical design effort. The 15.75” high units are avail- 
able with up to 26 card slots complete with 
backplane and power supply connections. Multi- 
bus™ Intel Corporation. 

Contact ELECTRONIC SOLUTIONS, 5780 Chesa- 
peake Court, San Diego, CA (714) 292-0242. Outside 
California (800) 854-7086. 
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LOW COST 65 WATT SWITCH ER 
¢ Up to 5 Outputs © 5x9 x 2%" Size 
© 110/220VAC Input © Overvoltage Protection 
¢ Soft Start ¢ High Reliability 
° Short Circuit Proof * 50°C Temp. Ratings 


Typical configuration, such as 5V @ BA, 
12V @ 1A, 12V @ .5A and 24V @ 1A is 
priced at $139.00 for a single unit and 
delivery stock to 8 weeks. | 
SWITCHING POWER INC. 
4835 Veterans Highway 
Holbrook, NY 11741" 
516-981-7231 


CIRCLE NO 103 


MINIATURE FAST RECOVERY DIODES. 
Ideal for use in CRT displays. Featuring 
Superior construction and reliability 
through glass passivation. Low leakage 
at operating temperatures. Ideal for 
many high voltage power Supply applica- 
tions. Available at voltage ratings from 
12000 volts to 24000 volts. Typical re- 
verse recovery 100 nSecs. Rectifier 
Components Corporation, 1112 Lousons 
Road, Union, N.J. 07083. 201-687-5410. 
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LOW-COST CAD SYSTEMS FO 
CIRCUIT DESIGN. No other line of Computer- 
Aided Drafting systems can increase. your 
productivity so dramatically, yet be so easy 
to operate and so low in cost. Black-and-white 
and color systems from $32,900 to $98,200. 
Want to know more? Contact Pat Shell, Nicolet 
CAD Corporation, 2450 Whitman Road, Con- 
cord, California 94518. Telephone (415) 
827-1020. — 


LOW COST CAD SYSTEM 
CIRCLE NO 112 
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DL-2010 DIGITAL DATA LOGGER 

A Time-Documenting, Recording Datalogger with 

Programmable Alarm Functions. aus 

A breakthrough in low-priced data acquisition. 
*Offers digital readout, recording, and accuracy for 
the price ofan analog instrument. ee 
*Applications for process monitoring, heat cycling, 

and definition of intermittent problems. =~ © 
*The DL-2010 is a digital voltmeter. 
¢Programmable recording intervals. 
*Time-of-day clock for'data documentation. 
Programmable high and low data limits with audible 
‘alarm. . 


OEM and distributor inquiries invited. 
Price: $399.00 plus $5.00 shipping charge. 


ELECTRONIC CONTROLS DESIGN 
13626 S. Freeman Road ssi‘ : 
Mulino, Oregon 97042 

Phone (503) 829-9108 
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RENT THIS SPACE 
_ FOR ONLY 


$500 - 1x 
$475 - 7x 
$395 - 13x 


Get HIGH QUANTITIES 
of HIGH QUALITY 
Sales Leads 


Call: Joanne Dorian 
212/949-4445 


CIRCLE NO 110 


GET BIG RESULTS 
WITH PRODUCT 
MART ADS 


Reach over 115,000 Readers — 
ALL SPECIFIERS of electronic 
components and equipment 
for only 
$500 


CIRCLE NO 113 


To advertise in Product Mart, call Joanne Dorian, 212/949-4445 
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Specifying interlocking 
switch assemblies | 
This 6-pg brochure details Se- 
ries 30 Interlock switch systems, 
actuators, switching elements, 
spacers and accessories. Its line 
drawings enhance technical 
data. A dimensional outline, 
mounting diagram and pad of 
order forms conclude the book- 
let. EAO Switch Corp, 255 
Cherry St, Milford, CT 06460. 
Circle No 135 


Fold-out chart 

highlights resin uses 

This epoxy-resin guide details 
products for encapsulation, im- 
pregnation, potting or casting 
applications. Providing specs for 
26 1- and 2-part systems, it also 
contains a cure guide and 
temperature classification chart. 
Acme Chemicals and Insula- 
tion Co, Box 1404, New Haven, 
CT 06505. Circle No 136 


Data details 

statistical MUXs 

Bulletin 5264 describes features 
and applications of the DCX836, 
-840 and -850 statistical multi- 
plexers. Photos and callout 
diagrams detail the operation of 
the MUXs’ various diagnostic 
and networking modules, and 
block diagrams show how to 
incorporate them into different 
networks. A spec chart differen- 
tiates models by such features 
as number of input channels and 
composite links, buffer size and 
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automatic-repeat-request capa- 
bility. Rixon Inc, 2120 Industrial 
Parkway, Silver Spring, MD 
20904. Circle No 137 


Shopping for 

wC software 

Listing more than 50 media 
formats, CP/M-compatible disk- 
operating systems, hard-disk 
integration modules, languages, 
language and application tools 
and word-processing systems, 
this 35-pg guide catalogs single- 
source tested and service- 
supported microcomputer soft- 
ware. Data-management and 
mail-list systems, financial ac- 
counting packages, numerical 
problem-solving tools and pro- 
fessional and office aids are also 
referenced. Lifeboat Associ- 
ates, 1651 Third Ave, New York, 
NY 10028. Circle No138 


Utilizing a 
keyboard/display card 
This 88-pg manual details the 
7303 STD Bus keyboard card, a 
general-purpose control-panel 
unit providing data-input and 
display capability. Separate sec- 
tions focus on the card’s 
features, its operation and pro- 
gramming, installation and spec- 
ifications, software and mainte- 
nance. An appendix describes 
the unit’s front-paneling mount- 
ing. Pro-Log Corp, 2411 Gar- 
den Rd, Monterey, CA 93940. 
Circle No 139 


Designing 
with LCDs | 
Highlighting principles of opera- 
tion, driving techniques, surface 
treatments, sealing, cost and 
reliability, a 20-pg handbook 
details liquid-crystal displays. In 
addition, it provides data on 
multiplexing drive techniques. 
Field-reliability information, 7-yr 
life data and graphs and 
illustrations explain the devices’ 
operation. Seiko Instruments 
USA Inc, 2990 W Lomita Blvd, 
Torrance, CA 90505. 

Circle No 140 


AC 
PACKAGING 
SOLUTIONS 


A look at IC 
packaging solutions 
This literature kit includes a 
152-pg catalog and 24-pg price 
list for microelectronic packaging 
systems and accessories. It 
features a pC-panel family, 
which serves prototyping and 
interface applications compati- 
ble with DEC hardware, includ- 
ing PDP-11 and LSI-11 systems. 
A spec table detailing rack 
assemblies, terminals, cable 
types and pc boards concludes 
the catalog. Mupac Corp, 10 
Mupac Dr, Brockton, MA 02401. 
Circle No 141 
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Literature 


TELECOMMURIA 
PROEIC TS: 


Data on more than 80 
telecomm units 
Featuring a line of video, voice 
and data-transmission systems, 
this 36-pg catalog details micro- 
wave radio transmitter/receivers 
and subsystems, fiber-optic 
transmission systems, multiplex 
systems, FDM cable-carrier sys- 
tems, N-type repeatered line 
equipment, PCM digital multiplex 
equipment and cable-carrier sys- 
tems. It also provides specs and 
illustrations of auxiliary data 
equipment, supervisory and 
control systems and voice- 
frequency and signaling equip- 
ment. Specs outlined include 
number of channels, frequency 
range and channel frequency 
response. GTE Lenkurt Inc, 
Dept C720, 1105 County Rad, 
San Carlos, CA 94070. 

Circle No 142 


Data illustrates 
power-line filters 
This 16-pg catalog covers a line 
of RFI power-line filters, high- 
lighting 3, 6 and 10A filters at 
115/250V ac rated voltage, for 
common- and differential-mode 
operation in linear and switching 
power supplies. It also discusses 
FCC and VDE emission limits, 
noise modes, insertion loss, 
terminology and cost-effective- 
ness factors. A cross-referenced 
chart compares various manu- 
facturers’ units. Curtis Indus- 
tries Inc, 800 W Tower Ave, 
Milwaukee, WI 53223. 
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On surviving in a 
technical hierarchy 


Putt’s Law and the successful 
technocrat, by Archibald Putt: 
ix+165 pgs; $9.25; Exposition 
Press, Smithtown, NY, 1981. 

Addressing himself directly to 
technology-oriented industries, 
the author of this book provides 
insights into the nature of their 
hierarchies. Not content with 
Dr Peter’s famous management 
principles, he applies the same 
type of observation to research 
and production facilities and 
finds some exciting differences 
between technological hierar- 
chies and the rest of the world. 

One of Putt’s most innovative 
sections deals with the laws of 
failure. Failure isn’t inherently a 
problem, he says. You must 
understand how to fail, howev- 
er, if you expect to become a 
successful technocrat. 

Using fictional case histories 
and a fictional model technocrat 
named Dr I M Sharp, Putt 
explores the mysteries of inno- 
vation management, the art of 
giving advice, decision making 
and how to communicate. 

For those of you who are 
thinking of venturing out as 
consultants, Putt offers a stern 
warning. Most technical consul- 
tants fail, he says, because they 
think that their function is to 
give information and advice. 
You'll have to read his book to 
see the naivete of this notion. 

— Ed Teja 
ee ee ee 


Need to Know? 


EDN’s advertisers stand ready to 
provide you with helpful design in- 
formation and other data on their 
Products. Just circle the appropri- 
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent, contact advertisers 
directly, and mention EDN. 


EDN: Everything Designers Need | 


EDN Sales 


H Victor Drumm 
Executive Vice President 
and Publisher 

Boston, MA 02116 

(617) 536-7780 


NEW YORK CITY 10017 
Bill Segallis, Regional Manager 
205 E 42nd St 
(212) 949-4423 


BOSTON AREA 

Richard Parker, Regional Manager 
Hal Short, Regional Manager 

1 Lakeside Office Park 

Wakefield, MA 01880 

(617) 246-2293 


STAMFORD 06905 

George Isbell, Regional Manager 
999 Summer St, Box 3809 

(203) 964-0900 


PHILADELPHIA AREA 
Steve Farkas, Regional Manager 
999 Old Eagle School Rd 

Wayne, PA 19087 

(215) 293-1212 


CHICAGO AREA 
Clayton Ryder, Regional Manager 
Bob Buckley, Regional Manager 
15 Spinning Wheel Rd 

Hinsdale, IL 60521 

(312) 654-2390 


CLEVELAND 44115 
Bob Buckley, Regional Manager 
1621 Euclid Ave 

(216) 696-1800 


DENVER 80206 
John Huff, Regional Manager 
270 St Paul St 

(303) 388-4511 


DALLAS 75234 
Don Ward, Regional Manager 
4141 Blue Lake Circle 

(214) 980-0318 


SAN JOSE 95128 
Hugh R Roome, Vice President 
Jack Kompan, Regional Manager 
Sherman Bldg 

3031 Tisch Way, Suite 1000 

(408) 243-8838 | 


LOS ANGELES 90036 
Charles J Stillman, Jr, 
Regional Manager 

9670 Wilshire Blvd 
(213) 933-9525 


IRVINE 92715 
Ed Schrader, Regional Manager 
2021 Business Center, Suite 208 
(714) 851-9422 


TOKYO 106 JAPAN 
Tomoyuki Inatsuki 
TRADE MEDIA JAPAN INC 
R212, Azabu Heights 

1-5-10 Roppongi, Minato-ku 
Tel: (03) 585-0581 

Telex: J28208 MEDIAHS 


CAREER OPPORTUNITIES 
Sheila Schaeffer 

221 Columbus Ave 
Boston, MA 02116 

(617) 536-7780 
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FLOATING POINT SYSTEMS, located in Beaverton, 
Oregon, is the world leader in the design and 
manufacture of Array Processors. We have 
immediate openings for individuals with proven 
credentials who are ready for a challenge. 


Electronic 
Design 
Engineers 


You will function as a member of a design team 
developing new products. A strong background 
in computer logic and systems design using TTL 


or ECL is required. Engineering experience 
should include responsibility for specification 
and design of major processor subunits, either 
arithmetic elements, memory, or control units, 
etc., or |/O subsystems. 


If you believe you measure up, and would like 
to become involved in a dynamic, growing 
computer company and live in the Pacific 
Northwest, call (collect) Bob Clay at 

(503) 641-3151, ext. 154 or send resume and 
salary history to: Floating Point Systems, 

P.O. Box 23489, EDN-04, Portland, OR 97223. 
An equal opportunity employer m/f/h. 


= FLOATING POINT 
wa | MB SYSTEMS, INC. 


Circle No. 5000 (on page 240 of EDN) 


ELECTRONIC 
ENGINEERS 


MINI APPLICATION 


Our clients, high technology firms in 
New England and nationwide have 
openings in: Hardware and Software 
Design, Analog/Digital Circuits, Tele- 
communications, CAD/CAM, Micro- Name 
wave, Optics, Aerospace & Under- 
water, Electronic Warfare Systems. 


ee Re ee eee 
Home Address City State Zip 


Hardware/Software 
Design Video Games Home Phone Other 
Sunbelt Location 
Salary Open Degree Job Title 


Contact in confidence: Present Employer Since 


Fred Raisner 
25ten 


a 
ak SEARCH INC LocationPreferred Salary Requirement 


144 Westminister St. 
Providence, R.!. 02903 
(401) 272-2250 


SOUTHEAST 


Our 15 offices in the southeast 
specialize in Control Systems, 
Instrumentation, Electronic 
Design, and all types of Engineer- 
ing positions from 20-40K. Ag- 
gressive, confidential. Fee-Paid 
service. Send resume to 

Ted F. McCulloch, 

BEALL PERSONNEL, 

P.O. Box 5042, Dept. E.E., 
Spartanburg, SC 29304. 


Looking for 
quality resumes? 


Run your ad on 
these pages and 
you'll get just that! 


617) 536-7780 


Telephone Sheila Schaeffer, (617) 536-7780 to advertise in Career Opportunities 
EDN SEPTEMBER 16, 1981 2395 


| HARDWARE & SOFTWARE ~~~~-~<SYSTEMS ENGINEERS 1 


Project Mgr. High Speed Printer... .45K + Senior Manager Dig.Des......... 45K + 
Software Development ............. 45K ProductMgr. Telecom ............. 44K 
Senior Manager R&D $1MM budget . 45K + Adv. Des. Voice DataTranx.......... 40K 
Supv. Syst. Design ............... 44K Sr. Mgr. Ckts.& Components ..... 45K + 
Adv. Des. Winchester/Hd. Disk... ... 44K Sr. EEAnalog/ClosedLoop ......... 43K 
VLSI DOSION fcc. a cic wnekcnes 40K + Information Display Syst ........... 40K 
EE 2 yrs. experience Digital ......... 28K Logic DesignCPUsm.comp......... 44K 


Many positions in Micro-based systems 


Call Noel Rice collect 312-887-1220 
MINI APPLICATION 


HomeAddress —*—<dCity”s—=—<“‘<‘(‘és”© State”™=€©})©6oZipOCS™S 
Home Phone Other 
Degree Job Title 
Present Employer Since 


| 
| 
| 
| 
| 
| 
| 
| 
Name | 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ELECTRONICS P.O. Box 1281 
_ Oakbrook, ILL 60521 | 


HI-TECH CAREERS 
Openings exist coast to coast with 
salary increases to 30 percent. 

e Software 


ELECTRONIC 

ENGINEERS 
We have over 40 years experi- 
ence in placing professionals in 
all engineering disciplines witha 
special emphasis on electronic 
professionals. Your career move 
should be an A-1 priority. Work- 


¢ Circuit Design 

¢ CAD/IDA 

e ECM/EW/Radar 
¢ Power Supplies 

¢ Microprocessors 
¢ Electro-Optics 

¢ Control Systems 
e ATE 

¢ Computers 

¢ Avionics/Navigation 
¢ Communications 


For a confidential discussion 
contact John Luce. 


Frost Associates 
P.O. Box 2633 
Springfield, MA 01101 
(203) 623-0157 
affiliated offices coast to coast 


ing with professionals can in- 
sure that. Your skills are our 
trade at Nationwide. 


NATIONWIDE BUSINESS 
SERVICE 


145 State St., Suite 310 
Springfield, MA 01103 
“in Our 43rd Year’”’ 


WE ARE AN EQUAL OPPORTUNITY EMPLOYER M/F/H 


SUN PETROLEUM PRODUCTS CO. 
PROCESS CONTROL PROGRAMMER/ 


ANALYST 


Seeking person with BSEE, computer 
science, math degree or equivalent with 
minimum 3 years experience in control/- 
optimization techniques in real-time utili- 
zation of FORTRAN, BICEPS and/or BASIC 
language. Familiarity with assembler pro- 
gramming/debugging techniques desir- 
able. Will assist in building and maintain- 
ing data base for control, optimization and 
data acquisition programs on new Sys- 
tems in 85,000 BPD refinery located in 
Tulsa, Oklahoma. 


Send Resume to or call: 


R. J. Murphy 
Sun Petroleum Products Co. 
Tulsa Refinery 
P.O. Box 2039 
Tulsa, OK 74102 
(918) 586-7306 


Circle No. 5001 (on page 240 of EDN) 


MEDICAL PRODUCT ADVANCEMENTS CAN’T WAIT UNTIL TOMORROW! 


When it comes to the design and manufacture of greatly anesthetics, anesthesia and pulmonary function equip- 
needed medical supplies and devices — time and quality | ment, monitors, ventilators, and others. Right now our 
are essential. And we're meeting the challenge. We're NEW PRODUCT DEVELOPMENT efforts provide 
Ohio Medical, a leading medical products manufacturer, exceptional opportunities for qualified professionals to 
committed to staying ahead of market demands for our help us launch a new generation in medical technology. 


highly sophisticated products: incubators, disposables, 


PRODUCT ENGINEER/MECHANICAL: Posi- 
tions require a minimum of 2 years industrial 
product design/development experience, pre- 
ferably in electromechanical equipment, plus a 
BSME or related degree. An MS will be consid- 
ered in lieu of experience. Electronic instru- 
mentation or Electronic/Mechanical packaging 
design experiise is an asset. 


PRODUCT ENGINEER/ELECTRICAL/ELEC. 
-TRONIC: Requires a minimum of 1-4 years 


experience, proven design background using 
microprocessors and exposure to hardware and 
software areas. 


STAFF ENGINEER BSEE OR ME: Requires a 
minimum of 5 years product development 
experience, including microprocessor applica- 
tions development and effective communication 
skills. MS, exposure to a medical or related 


— environment and 2 years managerial experience 


desirable. 


eA eee eh Sh Te 

In addition to exceptional challenges, rewards and recognition, the professionals at Ohio Medical 

njoy the excitement of Participating in high impact, development groups, where the results of 

individual efforts are immediately visible. We also offer excellent relocation package, benefits and 

ompensation programs as well as the attractive lifestyle possibilities of our beautiful Madison, WI 
location. For further information, contact: Manager, Industrial Relations Department EDN 9/2. 


| ; (608) 221-1551 | 
Uhic Medical Products. 


iviSiOnN O 


P.O. Box 7550 / Madison, WI 53707 ARCO 


An Equal Opportunity Employer M/F 


Circle No. 5002 (on page 240 of EDN) 


Telephone Sheila Schaeffer, (617) 536-7780 to advertise in Career Opportunities 


EDN SEPTEMBER 16, 1981 


ELECTRONIC ENGINEERING GROUP 
Provides the opportunities you 
may be looking for. If you're search- 
ing for a real economic and technical 
growth and have skills in RF, 
Analog, Digital, or Software Design, 
toward Communication, Micro- 
processor or Computor Application, 
Please inquire. 
L. DeWitt 
Manager of Recruitment 


ELECTRONIC 
ENGINEERING 
GROUP 


7667 W. 95th St. 
Hickory Hills, 11 60457 


312-430-3431 


PRODUCT 
MANAGERS 


Leading electronic component 
manufacturer is seeking quali- 
fied candidates for: 


PROGRAM BOARDS 


New prototype system and 
program board development 
requires individual experi- 
enced with wire wrap and 
insulation displacement wiring 
components background along 
with knowledge in the design 
and marketing of memory, 
logic, Microprocessors and 
analog circuits. 


BURN-IN 
COMPONENTS 


Experienced Sales Engineer 
with knowledge of the test 
and burn-in component mar- 
ketplace needed. Particular 
emphasis is placed on sockets, 
connectors and circuit boards 
for IC aging and evaluation. 


Salary commensurate with 
proven record of accomplish- 
ments. In your first letter 
include salary history, educa- 
tion and experience. Send 
with resume to: 


EDN Box 901 


An Equal 
Opportunity Employer 


SEARCH NORTHWEST, INC. 
A Professional Recruiting Agency 
620 S.W. 5th—Suite 825 


PORTLAND, OREGON 97204 
(503) 222-6461 
PERSONNEL RECRUITING FOR THE 
ELECTRONICS INDUSTRY 
CAREER POSITIONS AVAILABLE IN: 


x General Mngt * Product Mngt 

x Engr Mngt * Packaging 

* Engineering x Project Mngt/Engr 
* Mfg/Production 

* Design Engineer  Sales-Marketing 


FORWARD YOUR RESUME 
FOR maaan ie eee 


KEITH NYMAN (503) 222-6461 
OUR SEARCH ana Ltrs EXCLUSIVELY 


aC: 


am 
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_ENGINEERING POSITIONS 


SIECOR/OPTICAL CABLE 


A service of SIECOR 


Siecor/Optical Cable, a leading supplier 
of optical cable and support equipment, 
has several engineering positions open 
for qualified personnel. 


@ Manager, Field Engineering 
@ Senior Project Engineer 
@ Project Engineer 


Requires BSEE with 3-10 years experience 
in telephone company outside plant or 
planning engineering. 


@ Product Engineer 


Requires BSEE or BSME with 2-5 years 
experience in design and packaging of 
electronic test instruments. 


Salary: Commensurate with education 
and experience. 


If you are interested in a challenging 
position in a growing industry, please 
submit your resume to: 


Siecor Corporation 


Penny Church 
Four Eighty Nine 
Hickory, NC 28603 


An Equal Opportunity Employer 


Circle No. 5003 (on page 240 of EDN) 


6 
( 
G 
g 
g 
g 
, 
g 
g 
p 
¢ 
g 
g 
g 
g 
g 
§ 
s 
J 
g 
é 
g 
p 
y 
g 
6 
g 
gp 
r 
J 
; 
p 
g 
gp 
. 
s 
é 
(| 
y 
g 
p 
p 
p 
b 
g 
p 
g 
g 
p 
; 
: 


BUUBEEEBEEEEEEEEEEREERRREEd 
Telephone Sheila Schaeffer, (617) 536-7780 to advertise in Career Opportunities 
EDN SEPTEMBER 16, 1981 237 


sg 


Who will be first 
To see through the 


walls of the future? 


It could be you and Hughes Electro- 
Optical and Data Systems. 

We built the first working laser, and 
today our electro-optics, fiber optics, 
thermal imaging and infrared systems 
are like second sight. 

Like a cryogenic rocket-borne_in- 
frared telescope that’s extending 
man’s vision farther than ever before. 

Like advanced monolithic focal 
plane arrays that will improve the sen- 
Sitivity, resolution and range of future 


thermal imaging systems. 
Like precision scanning mirrors that 
map the earth every eighteen days. 
Who will be first to see into the 
depths of space? Who will be first with 
intelligent sensors? Who will be first 
with the electronics of the future? 
With 1,500 projects anda $6 billion 
backlog, it could be you and Hughes. 
At Hughes Electro-Optical and Data 
Systems, we'll introduce you to people, 
ideas and jobs that could change your 
world. And maybe ours. 


IT Could be you and Hughes 
Electro-Optical and 


Data Systems. 


Call or send resume to: 


Hughes Electro-Optical 
& Data Systems 
P.O. Box 913, Dept. NDE-5A 
El Segundo, CA 90245 
(213) 616-3374 


Current openings: 


Test Equipment Design 
Designers/Drafters 
Quality Assurance 
Production 

Industrial 

Facility 

CAD/CAM/CAT 
Production Control 
Program Controls 
Materials & Processes 
Systems/Procedures 
Planners . 
Electromechanical Packaging 
Components & Materials 
Analog/Digital Design 
Computer Science 


HUGHES AIRCRAFT COMPANY 


Proof of U.S. Citizenship Required 
Equa! Opportunity Employer 
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DEFINE THE FUTURE 


Work with BNR The success that BNR has achieved in the development of new 


software controlled telecommunications systems has increased our 


tO advance the need for experienced electronics and software engineers. At the 


moment, we require a variety of professionals to advance the state-of- 


Technology of | the-art in computing science, to develop new products, and to guide 


. = - 2a their applications. Outlined below are the major areas in which we have 
Telecommunications need for software and electronics professionals. Each area represents 
yt ae several immediate openings. If you have a BS/MSEE CS, Physics, or 
on the . Math, or equivalent, and related professional experience, join us, and 

. experience the innovative freedom, technical challenge, and the 


san Francisco Peninsula professional growth inherent in pioneering the telecommunications 


systems of the future. 


Systems Engineers Software Engineers 
Develop, and design complex You will specify, design, implement, 
voice and data communications test, and document real-time software 
networks and products. Participate for telecommunications applications, 
in network planning, product including call-processing, hardware 
definition, investigating new interfacing, systems support, 


technology, and evaluating changing diagnostics, and data administration. 


industry standards. 


Development Engineers 


Design and develop digital and analog 
circuits, for PBXs utilizing 
minicomputer and microprocessor 
technology. Perform circuit analysis, 
design PBX line circuits, trunk 
circuits, and tone receivers, from 
conception through prototype build. 


We ask a lot, but we give a lot. 


Make no mistake. These are demanding positions. BNR expects the best of our people, but in return we provide 


appropriate rewards and recognition. 


In addition to excellent salaries, we offer a comprehensive and attractive company-paid benefits program including 
medical, dental, and orthodontia insurance for employees and dependents, life and disability insurance, a credit union, 10 
holidays, employee referral cash awards, 100% tuition and books reimbursement, excellent retirement and savings plans, 
a one-week Christmas shutdown, and an additional three weeks of annual vacation beginning the first year 


of employment. 


We are waiting to 
hear from you. 

Come and see us 
about your future. 


For prompt consideration leading to career discussions with our technical 
managers, please send your resume to Susan Voshell, Technical Recruiter, 
BNR INC., Mail Stop 224, 685A E. Middlefield Road, Mountain View, CA 
94043. An equal opportunity employer. U.S. Citizenship or Permanent Resi- 
dent Visa required. 
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RESUME FORWARDING SERVICE 


To have your resume forwarded to the company 
of your choice, simply circle the number in the 
box at the right that corresponds with the num- 
ber at the bottom of the ad that interests you. 


Complete the following resume and mail to: 


CAREER OPPORTUNITIES 
EID 221 Columbus Ave. 
Boston, MA 02116 


CALL: 617-536-7780 ask for Sheila Schaeffer 


(Please type, or print) 


GENERAL INFORMATION 

Last Name First Middle Initial 

Home Address (Street, City, State, Zip) 

Home Phone (Area Code) Other (Area Code) 

Foreign Language 

Read Write Speak 

Please Check One: 

U.S.Citizen == C—C—“‘;™S™C‘#*@POQOManent ‘Resident 
2 
» 
fe) 

EDUCATION INFORMATION a 

2 

ORL 

School Location Year Graduated Degree Major 

School Location Year Graudated Degree Major 


EMPLOYMENT INFORMATION 


eee 
Name & Address of Present Employer Yrs Employed 


Position (Please give a brief description of your work) 


Are you willing to relocate? 
If so, what are your geographical preferences? 
Please indicatesalary requirements —___ 

See 


*Please Sign Here 


Bree le 
Date 


9-16 


*Your signature will authorize us to forward the above information to the company of your 


choice, in the strictest of confidence. 
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80s’ F-O gov’t sales 
to top $1.9 billion 
The 1980s will see total US 
production of fiber-optic compo- 
nents for government/military 
applications skyrocket to more 
than $1.9 billion, fueled by 
rapidly rising sales of point-to- 
point analog and digital commu- 
nications equipment. Govern- 
ment data-bus_ fiber-optic 
applications—including radar, 
data-processing, guidance/con- 
trol, sonar and electronic-war- 
fare systems—will account for a 
$23 million market by 1985, 
predicts Gnostic Concepts Inc 
(Menlo Park, CA). And produc- 
tion in these five equipment 
categories should reach $99 
million in 1990. 
Standardization of compo- 
nents used for government 
applications will be completed 
by 1983 in time for broad-scale 
fiber-optics usage, says Bill 
Walsh, Gnostic Concepts mili- 
tary analyst. As fiber-optic 
architecture grows more com- 
plex, optical-frequency and mul- 
tiplexing techniques will be 
employed, and wavelength di- 
viders will utilize planar and 
concave diffraction gratings and 
wavelength-sensitive fibers, in- 


Looking Ahead: Trends and Forecasts 


US GOVERNMENT FIBER-OPTIC-COMPONENT CONSUMPTION 


SONAR 
10% 
DATA PROCESSING 
11% 
ELECTRONIC WARFARE 
17% 
GUIDANCE & CONTROL 
18% 
RADAR 
16% 


NAVIGATION 2% 
EDUCATIONAL 3% 
ELECTRO- OPTICS 

7% 
OTHER 
7% 
ADJUSTMENTS 
(NON-PRODUCTION 
USES) 
9% 


1985 ($33 MILLION) 


SONAR 
12% 
DATA PROCESSING 
. 15% 
ELECTRONIC WARFARE 
21% 
GUIDANCE & CONTROL 
14% 
RADAR 
14% 


tegrated on substrates with 
other components. 

Walsh also expects data-bus 
architectures to emerge by 1985 
and foresees increased usage of 
1.3- to 1.6-u~m devices in the 
latter half of the decade to 
capitalize on the lower attenua- 
tion and dispersion possible at 
those wavelengths. Develop- 
ment of long-wavelength sourc- 
es and detectors using quar- 


NAVIGATION 2% 
EDUCATIONAL 3% 
ELECTRO- OPTICS 
5% 
OTHER 
11% 
ADJUSTMENTS 
(NON-PRODUCTION 
USES) 


1990 ($129 MILLION) 3% 
SOURCE: GNOSTIC CONCEPTS INC 


ternary III-V compounds should 
additionally permit repeater 
spacings of tens of kilometres— 
and possibly 100 km—by the end 
of the decade. 

Production by the mid-1980s 
of fibers and components using 
fluoride-based glasses will re- 
sult in low-loss optical transmis- 
sion lines utilizing the longer 
wavelengths, Walsh predicts. 


sss 


Mass-produced electric 
cars by 2000? 
Long promised but never deliv- 
ered, practical electric vehicles 
(EVs) (EDN, September 5, 
1980, pg 105) could finally start 
rolling down American roads in 
significant mass-production 
quantities soon after the turn of 
the century, says Harry W 
Mathews Jr, consulting engi- 
neer at Arthur D Little Ine 
(Cambridge, MA). 

Limited mass production of 
this country’s first generation of 
modern electric cars is sched- 
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uled for 1986, with 2-seater 
General Motors passenger EVs 
expected to be ready for the 
1986-7 model year. GM electric 
vans are due on the market in 
1983. 

The greatest obstacle to 
widespread electric-car use is 
the battery: Today’s models last 
only 30,000 mi (500 recharges) 
and cost $1500 to $2500 to 


replace. 
However, by the early 1990s, 
Mathews predicts, power- 


Source improvements should 
result in a power plant lasting 


the life of the car and providing 
a 150-mi range between charg- 
ing cycles. 

Karly EVs will cost $3000 to 
$6000 more than their. gasoline- 
powered counterparts, although 
this price differential should be 
halved once 250,000-unit-per-yr 
production levels are reached. 


Material for this page developed 
from Electronic Business maga- 
zine and other sources by Jesse 


Victor, Assistant/New Products 
Editor, and Joan Morrow, Assis- 
tant Editor. 
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ni-Circuits from*2” 


Select from the economical, microminiature T-series (plastic case) or TMO 
series (hermetically-sealed metal case) covering 10 KHz to 800 MHz. These 
models operate from 12.5 to 800 ohms with insertion loss typically less than 0.5 dB. 

For large dynamic range applications, specify the T-H series which can handle 
up to 100 mA primary current without saturation or distortion. 

Need a connector version? Select from the FT or FIB series, available with 
unbalanced or balanced outputs. Connector choices are female (BNC, Isolated 
BNC, and Type N) and male (BNC and Type N). These units operate from 10 
KHz to 500 MHz with impedances of 50 and 75 ohms. 

Of course, Mini-Circuits’ one-year guarantee is included. 


U 


A6 off-the-shelf models from Mi 


DC ISOLATED Tl-1 Ti-1H T15-1 T2.5-6 T4-6 T9-1 T9-1H T16-1 T16-1H 
PRIMARY & Model No. TMO1-1 TMOL5-1 TMO25-6 TMO46 TMO9-1 TMO16-1 
SECONDARY Imped. Ratio 1 1 15 25 4 9 o 16 16 
Freq. (MHz) 15-400 8300 1-300 01-100 02-200 15-200 2-90 3-120 7-85 
oh de T Model (10-49) $2.95 $4.95 $3.95 $3.95 $3.95 $3.45 $5.45 $3.95 $5.95 
TMO model (10-49) $4.95 $6.75 $6.45 $6.45 $6.45 $6.45 
CENTER-TAPPED T1i-1T T2-1T T2.5-6T 73-1T T4-1 T4-1H T5-1T T13-1T 
DC ISOLATED Model No. TMO1-1T TMO2-1T TMO25-6T TMO3-1T TMO41 TMO5-1T TMO13-1T 
PRIMARY & Imped. Ratio 1 2 25 3 4 4 5 13 
SECONDARY Freq. (MHz) 05-200 07-200 01-100 05-250 2350 8-350 3-300 3-120 
T Model (10-49) $3.95 $4.25 $4.25 $3.95 $2.95 $4.95 $4.25 $4.25 
; TMO model (10-49) $6.45 $6.75 $6.75 $6.45 $4.95 $6.75 $6.75 
UNBALANCED T2-1 T3-1 74-2 T8-1 Ti4a-1 
PRIMARY & Model No. JMO2-1 TMO3-1 TMO4-2 TMO81 TMOI4-1 
SECONDARY imped. Ratio 2 3 4 8 14 
Freq. (MHz) 025-600 5800 2-600 15-250 2-150 
oh ge T model (10-49) $3.45 $4.25 $3.45 $3.45 $4.25 
TMO Model (10-49) $5.95 $6.95 $5.95 $5.95 $6.75 
FI FIB Model No. FIL5-1  FYBI-1 FTB1-6 FTB1-1-75 
Imped. Ratio 15 i i 1 
F F . Freq. (MHz) 1-400 2-500 01-200 5-500 
(1-4) $29.95 $29.95 $29.95 $29.95 


A Division of Scientific Components Corp. 
World’s largest manufacturer of Double Balanced Mixers 


2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 


Domestic and International Telex 125460 International Telex 620156 


CIRCLE NO 94 


Split 
Personality 


Primary side 


Barrier Al 


Secondary side ee alc 


_| Our ingenious split bobbin 
| transformer design gives you 
high isolation...at low cost. 


Ordinary transformers have to be shielded to’ get high isola- 
tion. Our transformers are different...and better. By separat- 
ing the primary from the secondary windings — through our 
split bobbin design—we achieve high isolation at lower cost. 
That's what you should expect from the world leader in off- 
the-shelf transformers and chokes. And that's why thousands 
of companies swear by Signal for quality, value and complete 
satisfaction. Wide choice of secondary outputs available on 


all types. 
PRONTO DELIVERY 


We ship your prototypes in 48 hours. These three distinct, 
hard-working personalities are always available for Pronto 
delivery. 


SPLIT/TRAN® 


2500 V RMS HIPOT. 


Non-concentric windings 


and low capacitive coupling. _<?£ 115.230V 
Available with 115V or dual % 50 60 Hz 
115/230V primaries. Split ~ ils 
secondary windings can be aman _ 


series or parallel connected. | a 8 PIN 
T i 3 TYPE DST 


5 


6 For 5VDC 


3 DC OUTPUT 


For optimum powering * a 115/230V 7 

of 1” space’PC boards. Sb 50/60Hz 8 
Delivers 6 VA’ in less than g ip 2 
.085” height. Se g For +12V or 
(Semi-Toroidal windings.) 3 — io eon 


10 
DMPC & MPL TYPES 


2-4-]° 


2500 V RMS HIPOT. pr 115/230V 
The signal for a 50% cut : en ' 50/60 Hz 
in transformer size & ca Fl 
weight at significantly all 

less cost. $1 


DUAL PRIMARY 


